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On  16.  1/,  and  lH  January  1979,  a  Display  Workshop,  sponsored  by  the  Disolay 
Working  Group  of  the  Joint  Deputies  for  Laboratories  Committee  on  Night  Vision 
Technology  Panel,  was  held  at  the  Naval  Ocean  bystens  Center,  San  Diego, 
California.  rThe  purpose  of  this  workshop  was  "to  define  the  doctrinal  and 
system  requirements  driving  advanced  dlaplay  technology  for  next  generation 
FLIR  applications."  To  achieve  this  purpose,  seven  sessions  were  conducted. 
Four  were  tutorial  in  nature  and  three  were  discussion  forums.  The  tutorial 
sessions  (Sessions  I,  II,  Hi,  and  VI)  covered  the  topics  of  (SEE  RFVERSE) 
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•mission/doctrine  requirements,  system  requirements,  human  factors  and  sensor/ 
display  state-of-the-art.  The  discussion  sessions  (Sessions  IV,  V,  and  VII) 
provided  the  attendees  with  the  opportunity  to  Interact  wltmone  anothei  as 
well  as  to  enter  Into  Informative  and  effective  dialogue.  Session  IV  served 
as  a  "question  and  answer"  period  for  topics  covered  In  the  first  tnres  ses¬ 
sions;  Session  V  covered  the  topic  of  defining  common  terms  used  within  the 
sensor/display  community  and  developing  standardized  Image  measurement  tech¬ 
niques;  while  Session  VII  served  as  a  summary  session  whereby  attendees 
attempted  to  summarize  what  had  transpired  at  the  Workshop.  This  report 
documents.  In  a  concise  and  coherent  manner,  the  proceedings  that  occured 
during  tne  conduct  of  this  Workshop.  ‘  A  sumary  of  each  session  Is  provided 
along  with  sumary  papers  and  associated  presentation  materials  submitted  by 
pi r tic  1  pants  . 


tfCuft'Tv  CL  A*H*lC  ATio*  or  Tm| 


Preface 


nils  manuscript  documents  the  proceedings  of  the  Display  Workshop  held 
at  the  Naval  Ocean  Systems  Center  (NOSC),  San  Diego,  CA  on  16,  17,  and  18 
January  1979.  The  Workshop  was  sponsored  by  the  Display  and  the  Sensor 
Working  Croups  of  the  Joint  Deputies  for  Laboratories'  Night  Vision  Technology 
Panel  (JDL-NVT) .  Preparation  of  this  document  was  accomplished  by  Mr.  William 
N.  Kama,  Mr.  Wavne  L.  Martin  and  Mr.  Gilbert  G.  Kuperman  under  Project  7184, 
Task  718411,  Work  Unit  71841129,  "Tri  Service-Subpanel  on  Displays." 

The  editors  would  like  to  express  their  sincere  appreciation  to  those 

■  v 

individuals  who  helped  make  the  Workshop  such  a  success  by  serving  either  as 
a  session  chairman  and/or  presenting  a  paper.  They  would  like  to  express 
special  thanks  to  Mr.  Parvlz  Soltan,  NOSC,  who  handled  all  of  the  arrangements 
for  the  Workshop  and  to  Ms.  Teresa  Marshall  who  was  responsible  for  the 
typing  of  this  document. 
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AGENDA 

Tri-Service  Display  Workshop 
16-18  January  1979 
Naval  Ocean  Systems  Center 
Building  33  -  Cloud  Room  &  Crow's  Nest 

16  January  1979 

0800  -  0820  Registration 

0820  -  0830  Welcome  Address  Dr.  Howard  Blood,  Tech 

Director,  NOSC 
Mr.  W.  Martin,  Chairman, 
Display  Subpanel 

0830  -  0845  JDL-NVT  Panel  Mr.  R.  Fulton,  Exec. 

Sec'y,  NVT  Panel 

Session  I  -  Mission/Doctrinal  Requirements 


OBJECTIVE:  To  provide  attendees  with  insight  as  to  how  doctrine/ 

mission  requirements  are  derived  and  identify  what  these 
requirements  are.  (Dr.  Roy  Frick,  Chairman) 


0845 

-  0905 

Dr.  R.  Frick,  ASD/XROL 

0905 

-  0925 

Mr.  Steve  Kay,  ASD/AERS 

0925 

-  0945 

Lt  Col  C.  Ohlenburger, 
USAAC 

0945 

1005 

-  1005 

-  1015  Break 

Mr.  Joseph  Colombo,  NAPC 

Session  II  -  Systems  Requirements 

OBJECTIVE:  To  acquaint  attendees  with  the  process  that  the  system 
engineer  uses  to  evolve  a  system  that  will  meet  the 
needs  defined  by  the  doctrine/mission  requirements. 
(Mr.  Wayne  L.  Martin,  Chairman) 


1015  - 

1035 

Maj  J.J.  Armstrong, 
ASD/YPRS 

1035  - 

1055 

Mr.  H.  Waruszewski , 
ASD/ENAI C 
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1055  - 

1115 

Dr.  R.  Frick,  ASD/XROL 

1115  - 

1135 

Col  Patnode,  AAH 

1135- 

1155 

Mr.  J.  Colombo,  NADC 

1155  - 

1215  - 

1215 

1330  Lunch 

Lt  Tom  Mitchel 1 ,  NADC 

Session  III  -  Human  Factors 


OBJECTIVE:  To  delineate  those  visual  human  performance  factors  which 
must  be  borne  in  mind  during  the  development  cycle  of  a 
given  system.  (Mr.  John  Reis^ng,  AFFDL,  Chairman) 


1  330  - 

1400 

Human  Visual  Systems 
&  Displays 

Dr.  F.  Holly,  USAARL 

1400  - 

1430 

Display  Types 

Dr.  K.  Burnette, 
Bunker-Ramo 

1430  - 

1500 

Display  Modes  & 

Subject  Tasks 

•Mr .  M .  Carel , 

Hughes  AC 

1500  - 

1515 

Break 

1515  - 

1545 

Measures  of  Display 

Qual i ty 

Dr.  H.  Snyder,  VPI 

1  545  - 

1615 

Sensor/Display  Parameters 

Dr.  H.L.  Task,  AMRl/HEA 

1615  - 

1700 

Discussion  of  Day's  Session 

Mr.  W.L.  Martin,  AMRL/HEA 

1800  - 

No-Host  Cocktail  Party 

N0SC  Officers  Club, 

Adm.  Kidd  Room 

17  January  1979 

Session  IV  -  Interrelationship  and 

Impact  of  Mission  Needs,  System 

Requirements,  and  Human  Factors  on 

Display  Needs 

OBJECTIVE:  To  determine  how  topics  covered  in  Sessions  I,  11  and  III 
Interrelate  and  what  Impact  each  has  upon  the  other  and 
upon  advanced  display  requirements. 

•Paper  available  in  proceedings  but  not  presented  at  workshop. 

S 


i 


0815  -  1015 


Open  Panel  Discussion 


Capt  Robert  Verona, 
USAARL,  Moderator 


1015  -  1030  Break 

Session  V  -  Terminology 

OBJECTIVE:  Establish  agreement  as  to  the  interpretation  of  terms  being 
used  within  the  sensor/display  community. 

1030  -  1200  Presentation/Discussion  Dr.  H.  Lee  Task,  AMRL/ 

of  Terms  HEA,  Moderator 

1200  -  1300  Lunch 

Session  VI  -  Sensor/Display  State  of  the  Art 

OBJECTIVE:  Acquaint  attendees  with  current  state-of-the-art  in  displays 
and  sensors.  (Capt  David  Hake  and  Dr.  Elliot  Schlam,  Co- 
Cha 1 rmen ) 


1  300  - 

1320 

Sensor  Overview 

Capt 

.  D 

.  Hake,  AFAl/RWl 

1  320  - 

1340 

Pave  Tack 

Mr. 

R. 

Siewecki 

1  340  - 

1400 

FUR  Tech  Demo 

Mr. 

A. 

Grand jean , 

AFAL/RWI 

1400  - 

1440 

ATAC 

Mr. 

S. 

Layman,  NV&EOL 

1440  - 

1450 

Break 

1450  - 

1510 

Display  Overview 

Dr  . 

E. 

Schlam,  USAERADCOM 

1510  - 

1530 

CRTs 

Mr  . 

H. 

Waruszewski , 

AS  D/ ENA  I C 

1  530  - 

1550 

Direct  View  CRTs 

Dr. 

E. 

Schlam,  USAERADCOM 

1  550  - 

1610 

HUDs 

Mr. 

J. 

Mysing,  AFAL/AAT 

1610  - 

1630 

HMDs 

Mr. 

J. 

Rrindle,  NV&E0L 
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1630  -  1650  Pave  Tack  Displays  Mr.  S.  Kay,  ASD/AERS 

1650  -  1730  Discussion  of  Day's  Mr.  W.  Martin,  AMRL/HEA 

Sessions 


18  January  1979 

Session  VII  -  Executive  Session 

OBJECTIVE.  Assess  what  transpired  at  workshop  and  to  generate 

recommendations  regarding  future  research  efforts,  future 
development  efforts,  and  future  activities  in  the  display 
area.  (Mr.  Wayne  Martin,  Mr.  James  Brindle  and  Mr.  William 
Mulley,  Co-Chairmen) 

0815  -  1015  Discussions/Recommendations 

1015  -  1030  Break 

1030  -  1200  Discussions/Recommendations 

1200  -  1300  Lunch 

1300  -  Tour  of  NOSC's  LCX  Large  (For  those  Interested) 

Screen  Display  and 
Time  Encoded  Special 
Display  Facilities 
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ATTENDEES 

TRI -SERVICE  DISPLAY  WORKSHOP 
NOSC ,  SAM  DIEGO,  CA 
16-18  JAM  1979 


NAMI 

MAILING  ADDRESS 

PHONE 

ARMSTRONG,  John  J.,  Maj 

ASD/YPRS 

Wriqht-Patterson  AFB  OH  454 33 

A V  785-5812 

ARNOEF,  Howard. 

Naval  Air  Systems  Command 
AIR-5313C 

Washington,  D.C.  20361 

AV  222-7488 

BREITMAIER,  William  A. 

Naval  Air  Development  Center 
ACSTD  (Code  602?) 

Warminster,  PA  18974 

AV  441-2889 

BRINDLE,  James 

Commander 

Nioht  Vision  f,  Electro- 
Optical  Laboratory 

ATTN:  DELNV-EOD 

Ft.  Bel  voir,  VA  22060 

AV  354-5368 

BURNETTE,  Keith.  Dr. 

Bunker-Ramo  Corp. 

Suite  302 

41 30  Linden  Ave. 

Dayton,  OH  45432 

(513)  254-1793 

COLOMBO.  J. 

Naval  Air  Development  Center 
ATTN:  Code  6022 

Warminster.  PA  18974 

AV  441-2088 

DWORZAK,  Willis 

Comander 

US  Army  Avionics  Research 
and  Development  Activity 
ATTN:  DAVAA-I 

Ft.  Monmouth,  N.J  07703 

AV  R95-4391 

FILARSKY.  S. 

Naval  Air  Development  Center 
ATTN:  Code  60 22 

Warminster,  PA  1R974 

AV  441-208R 
(215)  441-2088 

FRICK,  Roy.  Dr. 

ASD/XROL 

AV  785-6396 

Wriqht-Patterson  AFB  OH  45433 
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AV  354-3923 


FULTON,  Richard 

GARRETT,  Harold 
GRANDJEAN,  Andy 
GURMAN.  Brad 

HAKE,  David.  Capt 
HOFFMAN,  Mark,  Dr. 

HOLLY ,  F rank  ,  Dr 

KAMA,  William 
kAY,  Steve 

KING ,  William  J . 

KRUEGER.  Gerald  P. 
Capt 

KUPERMAN .  Gil 


Director 

US  Army  Electronics  RAD 
Comand 

Night  Vision  A  Electro- 
Optics  L^oratory 
ATTN:  DELNV-D 
Fort  Belvoir,  VA  22060 

AFML/LTE 

Wr lght-Patterson  AFB  OH  45433 
AFAL/RWI 

Wright -Patterson  AFB  OH  45433 
Commander 

US  Army  Avionics  Research 
and  Development  Activity 
ATTN:  DAVAA-E 
Ft.  Monmouth,  N.J.  07703 

AFAL/RWI 

Wright -Patterson  AFB  OH  45433 

USAHEL/USAAVNC 
ATTN:  DRXHF-FR 
P.0.  Box  476 
Ft.  Rucker,  AL  36362 

Comander 

USA  Aeromedical  Research 
Ft.  Rucker,  AL  36362 

AMRL/HEA 

Wriqht-Patterson  AFB  OH  45433 
ASD/AERS 

Wriqht-Patterson  AFB  OH  45433 

NAVAIR 
DC  20361 
A I R - 5 3  3520 

.  Dr.  US  Army  Aeromedical  Research 
Lab 

Fort  Rucker.  ALA  36362 
AMRL/HEA 

Wriqht-Patterson  AFB  OH  45433 


AV  785-5177 
-5607 

AV  785-5922 
(513)  255-5922 

AV  995-4201 

AV  785-5922 
(513)  255-5922 

AV  558-3303 

AV  550-6808 
(205)  255-6808 

AV  785-4820 

AV  785-3766 

AV  222-0754 

AV  558-3211 
-6504 

AV  785-4693 
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LAYMAN,  Stuart 

MARTIN.  Wayne 
MELNICK.  Walt 

MITCHELL,  Thomas 

MOWERY.  Gary  w.  , 
MliLLEY.  William 

MY  SING.  John 

OHLENBURGER, 
Cliff.  Lt  Col 

PATHOOE,  Col 

REDFORD,  Joeseph 

REISING,  John  Or. 


Commander 

Niqht  Vision  a  Electro- 
Optical  Laboratory 
AT^N.  DELNV-Vl 
Ft.  Bel  voir  ,  VA  22060 

AMRL/HEA 

Wriqht-Patterson  AFB  OH  45433 

Air  Force  Fliqht  Dynamics 
Lab 

AFFDL/FGR 

Wriqht-Patterson  AFB  OH  45433 

,  Lt  Naval  Air  Development  Center 

ACSTD  (Code  6022) 

Warminster,  PA  18974 

Cdr  Naval  Air  Systems  Command 

Washinqton  D.C.  20361 

Naval  Air  Development  Center 
ATTN:  Code  6022 
Warminster,  PA  1R974 

AFAL/AAT 

Wriqht-Patterson  AFB  OH  45433 
Commander 

USA  Aviation  f enter 
ATTN:  AT7Q-D-MA 

Project  Manaqer 
TADS/PNVS 

ATTN:  DRCPM-AAH-TP 
Bo*  209 

St.  Louis.  MO  63116 
Comander 

'IS  Army  Aviation  RAD 
Command 

ATTN:  DRDAV-EYA 
PO  Bo*  209 

St.  Louis,  MO  63166 
AFFDl/FGR 

Wr iqht-Patterson  Af B  OH  45433 


AV  354-2735 


AV  785-4820 


AV  785-5546 
(513)  255-6616 


AV  441-2889 

-2890 


AV  222-5668 
PMA  261-21 

AV  441-2411 


AV  558-3937 
-2406 
-4872 

AV  698-3995 
-3996 


AV  698-5666 


AV  7:  5-6895 
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RUSSO.  Luici 

SCHIAM.  Elliott.  Dr. 

SIMONS.  John 
SIWECK! ,  Ron 
SOlTAN,  Parviz 

SNYDER,  Harry,  Dr. 


TSAPARAS,  Cieorqe 

VERONA,  Robert.  Capt 

WARUSZEWSKI .  Harry 
WHITTED,  Harry  A. 


Naval  Air  Development  Center 
ATTN:  Code  6022 
Warminster,  PA  18974 

Cormander 

US  Army  Electronics  R&D 
Cormand 

ATTN:  DELET-BD 

Ft.  Momouth,  N.J.  07703 

Systems  Research  Labs,  Inc. 
Dayton,  OH  45432 

ASD/AER-EA 

Wr iqht-Patterson  AFB  OH  45433 

Department  of  the  Navy 
Naval  Ocean  Systems  Center 
Code :  811 

271  Catalina  Blvd. 

San  Dieqo,  California  92152 

Virqima  Polytechnic  Ir.st. 

and  State  University 
Human  Factors  Laboratory 
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EXECUTIVE  SUMMARY  FOR  THE  TRI-SERVICE  D1SPI-AY  WORKSHOP 
16-18  JANI'ARY  1979 


I  n  t  roducj  I  on 

On  16-18  January  1979,  a  Trl-Servlce  Display  Workshop  was  held  at  the 
Naval  Ocean  Systems  Center  (NOSC),  San  Diego,  Ca 1 1 f orn 1  a .  The  Workshop  was 
Jointly  sponsored  bv  the  Display  and  the  Sensor  Working  Groups  of  the  Joint 
Deputies  for  Laborator les '  Night  Vision  Technology  Panel  (JDL-NVT).  The 
purpose  of  the  Workshop  was  "to  define  the  doctrinal  and  system  requirements 
driving  advanced  display  technology  for  next  generation  airborne  FI. IR  appli¬ 
cations 

A  total  of  forty-two  (42)  Individuals  representing  the  miss  Ion /doc t r 1 ne 
area,  the  systems  area,  the  technology  development  area  (display  and  sensor), 
and  the  human  factors  performance  area  from  various  agencies  within  the  Air 
Force,  Army  and  Navy  as  well  as  several  Invited  speakers  from  Industry  and 
academia  participated  In  the  Workshop.  The  makeup  of  this  Workshop  was  sig¬ 
nificant  In  that  It  was  the  first  time  Individuals  representing  all  of  these 
disciplines  had  been  brought  together  to  address  a  specific  problem  (i.e., 
advanced  display  requirements)  In  order  to  offer  possible  solutions. 

To  achieve  the  purpose  of  the  Workshop,  seven  sessions  were  conducted. 
Four  were  tutorial  In  nature  and  three  were  discussion  forums.  The  tutorial 
sessions  (Sessions  I,  II,  III  and  VI)  covered  the  topics  of  ml ss Ion /doc t r lne 
requirements,  system  requirements,  human  factors,  and  sensor /dl spl av  state- 
of-the-art.  Taken  as  a  whole,  the  first  three  sessions  were  Intended  to 


acquaint  the  attendees  with  those  various  factors  —  misslon/doctrlne, 


system,  arui  human  —  which  must  be  kept  under  consideration  during  the  deve¬ 
lopment  of  a  weapon  system,  especially  with  respect  (In  this  case)  to  the 
display  subsystem.  The  final  tutorial  session  (Session  VI)  provided  attendees 
with  an  overview  of  the  current  state-of-the-art  In  sensor/display  technology 
as  well  as  a  look  at  emerging  technological  developments  In  these  two  areas. 

The  discussion  sessions  (Sessions  IV,  V  and  VII)  provided  the  attendees 
with  the  opportunity  to  Interact  with  one  another  as  well  as  to  enter  Into 
Informal lve  and  effective  dialogue.  Session  IV  served  as  a  "question  and 
answer"  period  for  the  topics  covered  In  the  first  three  sessions;  Session  V 
covered  the  topic  of  defining  common  terms  used  within  the  sensor/display 
community  and  developing  standardized  image  measurement  techniques;  while 
Session  VII  served  as  a  suimnary  session  whereby  attendees  attempted  to  sunsnarlze 
what  had  transpired  at  the  Workshop  and  Identified  what  reconrnendat ions , 
research  problems,  etc..  If  anv,  could  or  should  be  posited  for  future 
cons Iderat Ion  bv  the  Display  Working  Group  to  Its  parent  panel,  the  Night 
Vision  Technology  Panel. 

Purpose  and  Organization  of  this  Document 

The  purpose  of  this  Kxerutlve  Summary  Is  to  document ,  in  a  concise  and 
coherent  manner,  the  proceedings  that  occurred  during  the  conduct  of  this 
Workshop.  As  a  matter  of  convenience,  the  organization  of  this  document  will 
follow  the  outline  of  the  agenda  (page  11)  used  for  the  Workshop.  A  summary 
of  each  session  Is  provided.  Summary  papers  and  associated  presentation  materials 
submitted  by  the  participants  are  Included  In  the  proceedings  section  of  this 
document.  No  attempt  has  been  made  at  critiquing  each  paper  presented,  but 
whenever  a  possible  problem  area  was  surfaced  during  the  presentation  of  a 
paper,  such  problems  have  been  Identified. 
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Opening  Se a s  ton 

Th<*  opening  session  was  devoted  to  the  welc  rnlug  of  the  attendees  and 
the  handling  of  last  minute  administrative  and  technical  matters. 

Dr.  Howard  Blood,  Technical  Director  for  the  Naval  Ocean  Systems  Center 
and  host  for  the  Workshop,  welcomed  the  attendees  on  behalf  of  his  organi¬ 
zation  and  wished  them  a  successful  and  productive  Workshop.  He  also  spoke 
briefly  about  his  experiences  in  night  bombing  utilizing  radar  and  stressed 
the  Importance  of  and  the  need  for  research  in  the  night  vision  area. 

Mr.  Wayne  1..  Martin,  Chairman  of  the  Displav  Working  Croup,  also  welcomed 
the  attendees  to  the  Workshop.  After  making  several  administrative  announce¬ 
ments  pertaining  to  the  conduct  of  the  Workshop,  he  introduced  Mr.  Parviz 
Sultan  (N0SC1 ,  coordinator  for  t  lie  Workshop,  who  would  be  available  to  assist 
attendees  with  problems  thev  might  have;  and  Mr.  William  N.  Kama ,  Executive 
Secretary  for  the  Display  Working  ('.roup,  to  whom  all  presentation  materials 
were  to  be  given. 

The  final  speaker  In  the  opening  session  was  Mr.  Richard  Fulton,  Executive 
Se>  retarv  for  the  Night  Vision  Technology  Panel.  Mr.  Fulton  gave  a  brief 
historical  account  of  the  NVT  panel.  It  was  founded  in  Mav  1974  by  agreement 
<>f  the  Joint  l  aboratories'  Commanders  (DARC0M/NMC/AK1.C/AFSC) .  The  purpose  of 
the  panel  is  to  develop  common  technology  goals  for  DoD.  Its  function  is  to  (1) 
Identify  trl-servlce  requirements,  (2)  develop  technology  plans  for  specific 
problem  areas,  (3)  encourage  tri-service  Interaction  and  communlcat ion ,  and 
(4)  reduce  the  expenditure  of  R&D  funds  through  Interdependent  research  pro¬ 
grams.  Mr.  Fulton  also  discussed  the  Panel's  many  working  groups,  how  they 


interact  among  themselves  and  Interface  with  the  parent  panel. 
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The  first  session  of  the  Workshop  was  chaired  by  Dr.  Roy  Frick,  General 
Purpose  and  Airlift  Division,  Aeronautical  Systems  Division,  Wrlght-Patterson 
Air  Force  Base,  Ohio.  This  session  dealt  with  the  mlsslon/doctrlne  area  and 
Its  objective  was  "to  provide  attendees  with  Insight  as  to  how  mlsslon/doctrlne 
requirements  are  derived  and  Identify  what  these  requirements  are."  In  addi¬ 
tion  to  Dr.  Frick,  three  other  speakers  made  presentat Ions  during  this  session. 
They  were  Mr.  Steve  Kay ,  Reconnaissance/Strike  SPO,  Aeronautical  Systems  Divi¬ 
sion;  Lt  Col  Cliff  Ohlenberger,  Directorate  of  Combat  Development,  Ft.  Rucker, 
Alabama;  and  Mr.  Joseph  Colombo,  F-14  CILOP  Office,  Naval  Air  Development 
Center,  Warminster,  Pennsylvania. 

Dr.  Frick's  presentation  focused  on  the  derivation  of  misslon/doct rlne 
requirements.  He  stressed  that  the  major  factors  that  determine  these  require¬ 
ments  are  the  threats  to  be  dealt  with  (tvpe  ard  density)  and  the  operating 
environment  (terrain  and  we  ther).  He  pointed  out  that  the  most  severe  operating 
environment  Is  found  In  the  central  European  theater.  He  stated  that  to  be 
successful  In  this  particular  environment ,  we  need  to  Improve  productivity. 

That  Is,  we  must  Increase  both  the  number  of  sorties  per  day  and  the  number 
of  kills  per  sortie.  To  illustrate  how  mlsslon/doctrlnal  considerations  are 
derived.  Dr.  Frick  discussed  a  study  sponsored  by  his  activity  on  one  vs  two 
seat  target  acquisition/weapon  delivery  which  was  aimed  at  identifying  how 
technology  might  alleviate  crew  workload  during  target  acquisition  and  weapon 
de 1 1 very . 

Mr.  Kay's  presentation  dealt  with  the  Advanced  Laser  Designation  (ALD) 
system  being  developed  for  incorporation  in  the  F-1A  aircraft.  In  particu¬ 
lar,  he  focused  on  the  approach  used  by  his  group  to  arrive  at  the  final 
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system  configuration.  They  used  a  six-step  approach  which  consisted  of 
(1)  learning  about  the  available  technology,  (2)  studying  the  critical 
areas,  (3)  putting  a  study  team  together,  (4)  preparing  the  requirements 
specifications,  (5)  going  to  a  multiple  source  solicitation,  and  (6)  making 
a  dual  award.  (Unfortunately,  Mr.  Kay's  presentation  was  not  available  for 
Inclusion  In  the  proceedings.) 

Lt  Col  Ohlenberger  discussed  how  requirements  are  generated  In  the  Army. 
He  stated  that  his  office  was  In  the  process  of  evolving  the  Army's  aviation 
requirements  for  the  198b-199b  time  frame.  He  also  pointed  out  that  the 
Armv's  principal  combat  developer  Is  TRADOC  and  that  many  of  the  requirements 
are  generated  through  them.  Lt  Col  Ohlenberger  then  discussed  the  many  dif¬ 
ferent  ways  In  which  a  requirement  mav  be  initiated,  e.R.,  from  someone  In 
the  field,  changes  In  threat  capabilities,  etc.,  and  the  form  that  lt  takes 
(letter  of  agreement,  letter  requirement  or  required  operational  capability) 
in  the  Life  Cycle  Management  model.  He  then  discussed  the  Combat  Development 
Process  (CDP) .  This  process  defines  how  the  Armv  decides  what  to  buy  and 
indicates  at  what  point  in  the  time  line  Inputs  to  the  major  material 
acquisition  decisions  should  be  made.  Lt  Col  Ohlenberger  also  talked  about 
Armv  aviation  In  the  high  threat  environment  In  which  he  discussed  (1) 
requ 1 reroent s  that  were  general  in  nature  (to  provide  a  basic  understanding 
of  conditions  under  which  Armv  aviation  must  operate);  (2)  some  broad  capa¬ 
bilities  and  requirements  that  are  not  specifically  al rcraf t -t vpe  sensitive, 
and;  (3)  a  few  of  the  requirements  documents  in  which  the  specific  character¬ 
istics  are  found. 

Mr.  Colombo  discussed  the  Navy's  F-14  C11.0P  study,  l.e..  Conversion  in 
Lieu  of  Procurement,  which  Is  aimed  at  increasing  the  capability  of  the 
current  aircraft  to  successfully  perform  the  maritime  air  superiority  (MASl 
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mission.  To  achieve  this  capability,  the  needs  Identified  were  air  superiority, 
all  weather,  day/nlght,  and  long/short  range.  Missions  Identified  were  fleet 
air  defense,  strike  escort,  and  al r-to-sur f ace  attack.  This  upgrade  in  capability 
will  Increase  the  aircraft's  effectiveness  against  manned  bombers  and  missiles. 

Mr.  Colombo  then  discussed  some  of  the  techniques  used  to  arrive  at  the 
decisions  made.  For  example,  a  technology  survey  was  made  to  establish  the 
baseline  f or  t he  a i rc raf t  as  well  as  to  determine  the  state-of-the-art  of 
equipment  available  In  1980;  evaluations  of  various  subsystems  were  based  on 
the  criteria  of  performance,  risk,  cost,  and  schedule;  evaluations  of  various 
system  alternatives  were  based  on  performance,  risk,  Integration,  and  schedule; 
and,  finally,  a  system  analysis  approach  to  determine  the  effectiveness  of  the 
system  was  performed  using  number  of  kills  (system  effectiveness)  and  dollars  per 
kill  (cost  effectiveness). 

In  reviewing  the  papers  presented  In  this  Session,  it  would  appear  that  the 
ma)or  factors  driving  ml ss lon/doc t r lne  requirements  are:  (1)  the  available 
technology;  (2)  the  type  and  density  of  threats  to  be  encountered,  and;  (3)  the 
operational  envi ronment .  These  factors,  by  and  large,  will  determine  the  tactics 
to  be  used,  the  profiles  to  be  flown,  and  perhaps  the  success  or  failure  of  a 
given  mission.  A  potential  problem  area  identified  during  this  session  was  that 
of  operator  workload.  It  was  suggested  that  this  might  be  alleviated  by  going 
from  a  one-  to  a  two-seat  mode  of  operation. 

Session  IJ  -  System  Requirement  s 

The  second  session  of  the  Workshop  was  chaired  by  Mr.  Wavne  Martin,  Visual 
Display  Systems  Branch,  Aerospace  Medical  Research  Laboratory,  Wright -Patterson 
Air  Force  Base,  Ohio.  The  objective  of  this  session  was  "to  acquaint  attendees 
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with  the  process  that  the  design  engineer  goes  through  to  evolve  a  system 
that  will  meet  t  lie  misslon/doctrinal  requirements."  A  total  of  six  speakers 
made  presentations  during  this  session.  They  were  Ma ) .  Jerry  Armstrong, 

F-lb  SPO,  Wr ight -Pat t erson  Air  Force  Base,  Ohio;  Mr.  Harry  Waruszewskl , 
Aeronautical  Systems  Division,  Wright-Pat terson  Air  Force  Base,  Ohio;  Dr. 

Roy  Frick;  Col  Clarence  Patnode,  TADS/PNVS  Project  Manager,  St.  Louis, 

Missouri;  Mr.  Joseph  Colombo;  and  Lt  Thomas  Mitchell,  Naval  Air  Development 
Center,  Warminster,  Pennsylvania. 

Maj  Armstrong  discussed  a  study  recently  completed  by  his  office  to 
define  expanded  capability  options  for  the  F-lfe  aircraft.  The  objective 
of  the  studv  was  to  Identify  candidate  technologies  and  development  pro¬ 
grams  that  have  potential  F-16  applications;  to  Identify  development  voids; 
to  assess  options  for  F-lb  missions;  and  to  recommend  Initiatives  to  expand 
the  capability  of  the  F-lb.  He  stated  that  In  looking  at  potential  Integration 
Impacts  of  such  systems  01  subsystems  as  JTIDS,  advanced  sensors  such  as  F1.1R 
and  TV  t rack ing/ 1 ase r  designation  pods,  E-0  weapons,  etc.,  lt  quickly  became 
evident  that  display  options  would  plav  an  integral  part  In  the  expanded 
capability  definition.  Maj  Armstrong  concluded  by  stating  that  the  RAD 
community  and  the  system  acquisition  community  must  work  hand-ln-hand  to 
anticipate  requirements  while  always  considering  the  real  world  limitations 
of  technology  and  aircraft  integration. 

Mr.  Waruszewskl  talked  about  display  system  requirements  and  their 
specification.  Major  points  made  in  his  presentation  were  that  display 
system  requirements:  (1)  should  be  OFF.  rather  than  CFE  and  that  we  should 
be  writing  the  requirements  Into  engineering  specs  and/or  procurement  specs. 


and;  (2)  are  derived  either  through  a  Required  Operational  Capability  (ROC), 
a  General  Operational  Requirement  (GOR)  or  a  Statement  of  Need  (SON)  and  that 
current  management  philosophy  Is  to  either  let  the  contractors  generate  requirements 
or  give  the  contractors  the  specs  and  have  them  bid  on  them.  (Mr.  Waruszewski ' s 
presentation  was  not  available  for  inclusion  In  the  proceedings.) 

Dr.  Frick's  presentation  focused  on  system  analysis,  the  process  used  to 
translate  mission  requirements  to  system  requirements.  This  process  takes 
the  mission  requirements  and  expresses  them  in  mathematical  terms,  i.e.,  a 
system  model  Is  derived.  He  listed  five  levels  of  comparison  (analysis  and 
modeling),  each  of  which  requires  the  engineer  to  have  an  appreciation  of  the 
requirements  for  an  effective  air-to-ground  system  and  the  Influence  of 
mission  details  on  the  model.  Once  this  Is  done,  representation  of  a  system  can 
be  made  in  the  model.  He  then  pointed  out  that  the  analysis  methodology  is 
built  on  the  representation  of  different  phases  of  the  mission  -  base  opera¬ 
tions,  cruise,  penetration,  and  terminal  target  attack.  Dr.  Frick  also 
discussed  how  the  mission  requirements  were  translated  into  system  requirements 
for  one  vs  two-seat  target  acquisition/weapon  delivery. 

Col  Patnod*  discussed  the  role  of  the  project  manager  (PM)  In  the  evolution 
of  the  TADS/PNVS  displays.  He  prefaced  his  presentation  by  stating  that  at 
the  point  where  a  technically  feasible  system  has  been  Identified  to  satisfy 
a  given  mission  requirement,  thus  resulting  in  a  requirements  document,  the  PM 
begins  preparing  a  detailed  development  plan  for  a  generic  system  to  meet  the 
user's  requl reraent s .  In  doing  so,  he  goes  through  a  series  of  development 
milestones.  These  Include:  (1)  the  development  and  release  to  Industry  of  an  RFT 
that  details  the  required  generic  system  in  a  specification;  (2)  responses  to 
the  RFP  and  selection  of  a  contractor (s)  for  the  development  effort;  (3)  the 
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contractor  develops  system  characteristics  from  which  they  generate  their 
own  specifications  to  meet  the  requirements  of  the  government  specifications, 
and;  (4)  test  and  evaluation  of  the  developed  hardware.  In  his  presentation. 
Col  Patnode  went  through  each  of  the  development  milestones  as  they  related 
to  the  evolution  of  the  TADS/PNVS  display  systems. 

Mr.  Colombo  again  talked  about  the  K-14  CILOP  study,  however,  this  time 
he  emphasized  the  controls  and  displays  subsystems.  He  stated  that  the  needs 
which  help  define  the  controls  and  displays  requirements  include  operational 
and  system  needs.  Operational  needs  include  multiple  targets,  complex  raid 
structures,  identification  requirements,  ACM  (air  combat  maneuvering)  quick 
reaction,  mission  completion,  ECM  environment,  and  fleet  interoperability. 
System  need',  include  data  availability,  processing  capability,  redundancy, 
flexibility,  data  formatting,  operator  workload,  and  weapon  requirements.  He 
stated  that  display  recommendations  for  CILOP  consist  of  an  integrated  controls 
and  displays  subsystem  based  on  the  Airborne  Integrated  Display  System  (AIDS) 
concept  which  includes  redundant  programmable  digital  processors,  multifunction 
displays,  a  davn-to-dusk  TV  identification  system,  and  dual  cockpit  helmet 
mounted  sight  (HMS)  systems. 

It  Mitchell’s  presentation  dealt  with  the  concept  definition  of  a  night 
vision  system  for  USMC  transport  helicopters.  In  his  presentation,  Lt  Mitchell 
touched  on  four  areas:  (1)  night  vision  system  requirements  for  transport 
helicopters  in  amphibious  operations;  (2)  description  of  the  analysis  leading 
to  concept  definition;  (3)  ldent 1 f i cat  Ion  of  system  options,  and;  (4)  selection 
of  options. 

In  reviewing  the  papers  presented  during  this  Session,  the  major  theme 
seems  to  be  that,  in  order  to  translate  the  mission/doctrine  requirements  into 
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system  specifications,  the  requirements  must  be  easily  understood  by  the  design 
engineer  and  readily  translated  into  design  spec  i  f  i  ca'-  ions  t  hat  can  be  met. 

Se s s  1  on  1 1  I  -  Hunan  Factor s 

Session  III  dealt  wit!  the  topic  of  human  factors  and  was  chaired  by  Dr. 
John  Relsing  of  the  Air  Force’s  Flight  Dynamics  Laboratory,  Wr i ght-Patterson 
Air  Force  Base,  Ohio.  The  objective  of  this  session  was  "to  delineate  those 
visual  human  performance  factors  which  must  be  borne  In  mind  during  the  deve¬ 
lopment  cycle  of  a  given  system."  Four  speakers  made  presentations  during  this 
session.  They  were  Dr.  Frank  Holly,  U.S.  Array  Aeromedlcal  Research  1-aboratory, 
Ft.  Rucker,  Alabama;  Dr.  keith  Burnette,  Bunker-Ramo  Corporation;  Dr.  Harry 
Snvder,  Virginia  I’olvte  hnlc  Institute  and  State  University;  and  Dr.  H.  l-ee 
Task ,  Aerospa  .  M«-<1 1  al  Research  laboratory,  Wr  ight -Pat  t  er  son  Air  Force  Base, 

Ohio.  iMr.  Walter  arel,  Hughes  Aircraft  Company,  Culver  City,  California 
was  unable  t.  -  t*i  his  s.  heduled  presentation  due  to  illness.  However,  he  was 
kind  enough  t  sen1,  a  pv  of  the  paper  he  was  scheduled  to  present  to  include 
in  the  proceedings.) 

Dr.  Holly's  presentation  covered  the  topic  of  psychophysical  considerations 
in  display  design.  In  his  presentation,  he  discussed  some  of  those  psycho¬ 
physical  factors  which  receive  less  frequent  attention  but  which  nevertheless 
have  an  important  impact  upon  display  design.  The  factors  included:  (1)  effect 
of  surround;  (2)  monocular  vs  binocular  acuity;  (3)  effect  of  target  sire  upon 
perceived  velocity,  and  (A)  multiple  imaging  produced  by  saccadic  eye  movements. 

Dr.  Burnette’s  presentation  dealt  with  the  effect  of  glare  on  display 
image  luminance  requirements.  Based  on  an  extensive  analysis  of  the  display 
and  vision  research  literature,  an  empirical  equation  which  describes  the 


ideal  luminance  requirements  was  developed.  Additionally,  techniques  for 


describing  the  changes  In  luminance  requi rement s  made  necessary  when  either 
the  display  or  the  viewing  conditions  are  no  longer  Ideal  were  developed. 

Dr.  Burnette  then  discussed  how  display  image  legibility  Is  Influenced  by 
the  presence  of  glare-inducing  illumination  levels  within  the  observer's 
tield  of  view.  He  also  proposed  a  model  for  predicting  the  increase  in  the 
ideal  display  Image  luminance  requirements  when  discrete  and/or  distributed 
glare  sources  are  present. 

Dr.  Snyder's  presentation  dealt  with  the  topic  of  image  quality  metrics 
and  a  discussion  of  the  various  figures  of  merit  (FOM)  used  in  measuring 
image  quality,  e.g.,  MTFA,  SNRD,  etc.  In  addition  to  pointing  out  the  various 
measures  that  are  available,  Dr.  Snvder  stated  that  we  need  to  specify  them  in 
phot  'met ti.  terms.  Dr.  Snvder  also  stated  that  the  ideal  display  should  have  a 
sO  db ,  high  contrast  signal.  (Dr.  Snyder's  presentation  was  not  available  for 
inclusion  in  the  proceedings.) 

Dr.  Task's  presentation  focused  on  his  past  efforts  to  t  rrelate  the  various 
figures  of  merits  used  in  measuring  display  image  quality  and  on  his  current  effort 
in  sensor /d 1 sp 1  ay  parameter  modeling.  He  stated  that  the  goal  of  his  modeling 
effort  to  define  what  has  to  be  done  in  order  to  sat  isfy  the  requirements  for 
advanced  displays  for  FI. IK  or  TV  systems.  He  then  presented  a  brief  description 
of  his  model  and  t be  relevant  parameters  used.  Unfortunately,  Dr.  Task's 
present  at  ion  was  not  available  for  inclusion  in  the  proceed ings . ) 

In  reviewing  the  presentations  given  during  this  Session,  it  is  unfortunate 
that  the  1 Imlf at  ions  of  the  human  operator  are  not  directly  addressed.  What  is 
presented  are  those  display  factors  that  relate  to  the  displays  themselves  - 
what  luminance  is  required,  the  measures  of  image  quality,  etc.,  but  nowhere  is 
there  presented  data  relating  to  the  interaction  between  human  capabilities/ 


abilities  and  display  parameters.  It  Is  apparent  that  there  Is  a  need  to  show 


this  relationship  In  a  more  explicit  manner.  Work  presently  being  conducted 
at  AMR!  is  expected  to  more  clearly  demonstrate  the  impact  of  the  filtering 
properties  of  Individual  operators'  visual  systems  on  the  detection  and 
recognition  of  target  Imagery. 

Session  IV  -  Discussion  oi  Sessions  II }  and  III 

Session  IV  was  the  first  of  the  discussion  forums  and  was  m  derated  by 
Capt  Robert  Verona,  I'.S.  Arnv  Acrenedleal  Research  Laboratory,  Kt .  Rucker, 
Alabama.  The  ob)e  tlve  of  this  session  was  "to  determine  how  the  topics  covered 
In  Sessions  I,  II  and  III  interrelate  and  what  Impact  each  has  upon  the  other 
and  upon  advanced  display  requirements."  The  discussion  forum  emphasized  the 
need  t  automate  weapon  system  functions  in  -rder  to  reduce  workload  during 
rltlial  mission  segments.  System  automation  (i.e.,  flight  control,  autohover) 
was  desired  to  free  the  pilot  for  t h«  performance  of  other  tasks.  Subsystem 
animation  was  discussed  in  great  detail.  Functions  identified  for  automation 
were:  sens  r  tracking,  handoff  between  target  acquisition  and  weapon  sensors, 

display  controls,  and  target  acquisition  sensor  Imagery  cueing  (perhaps  to  the 
extent  of  target  recogni t I < •  n ) .  Questions  were  raised  concerning  the  availability 
of  proven  technology,  .  st  ,  redundancy /f a  i  1  soft  requirements,  and  the  need  to 
retain  the  human  as  the  decision-maker.  Great  concern  was  raised  about 
attempting  close  afr  support  weapon  delivery  on  the  basis  of  a  symbolic  display 
generated  by  a  totally  automated  target  recognition  subsystem.  Problem  areas 
surfaced  included  IFF,  countermeasures  (field  expedient  signature  changes  and 
decoys),  and  the  need  to  differentiate  between  "fresh”  and  previously  attacked 
target  s . 

Areas  were  surfaced  for  increased  emphasis.  Full  system  integration  and 


23 


simulation  was  seen  to  bo  needed  for  better  understanding  of  capabilities  and 
limitations.  More  extensive  field  trials  were  projected  to  be  required  for 
the  iterative  refinement  of  system  specifications.  A  general  acceleration  in 
display  technology  development  was  desired  to  increase  the  display  modality 
options  available  to  the  program  manager. 

A  general  conclusion  from  this  session  Is  that  there  Is  an  evident  breakdown 
in  continuity  of  approach  between  the  requirements  and  technology  areas  of  the 
community.  More  specific,  valid  scenarios,  including  operator  tasking,  must 
be  available  in  order  to  promulgate  subsystem  specifications  which  accurately  reflect 
both  the  requirements  to  be  satisfied  and  the  available  technology.  (An 
approach  being  followed  in  the  Air  Force  to  alleviate  the  effects  of  this 
problem  Is  the  circulation  of  draft  SOWs  to  industry  for  early  review  and 
crit lque) . 


Session  V_  -  Term  i nol  ogy 

Session  V  was  a  rather  brief  session  chaired  bv  Dr.  H.  Lee  Task  of  the 
Aerospa  <•  Medical  Research  Laboratory,  Wrlght-Patterson  Air  Force  Base,  Ohio. 

The  objective  of  this  session  was  "to  establish  agreement  as  to  the  interpreta¬ 
tion  of  terms  being  used  within  the  sensor /d 1 sp 1  ay  community."  Dr.  TaRk  wished 
to  establish  lines  of  communication  between  individuals  who  are  interested  in 
developing  a  standardized  set  o(  terms,  definitions,  and  measurement  procedures 
for  quantifying  the  performance  of  F-0  sensors  and  displays.  The  need  for  such 
a  nmmnnality  of  understanding  was  illustrated  bv  Dr.  Task  in  a  comparison  of 
definitions  of  the  same  terms  taken  from  various  existing  standards.  This 
comparison  showed  that  many  of  the  definitions  were  not  in  accord  with  one 
another.  Dr.  Task  then  presented  and  discussed  the  approach  he  intended  to  use. 


presented  a  partial  listing  of  some  of  the  terms  which  required  conroon 
Interpretation,  and  handed  out  a  questionnaire.  A  copy  of  the  questionnaire  Is 
Included  In  the  proceedings. 

Session  V 1  -  Sensor /Dlspl ay  St  at e-o t - 1 he-Ar t 

Session  VI  covered  the  area  of  sensor /d i spl ay  state-of-the-art  (SOA)  and 
was  co-chalred  by  Capt  David  Hake,  Air  Force  Avionics  Laboratory,  Wrlght- 
Patterson  Air  Force  Base,  Ohio  and  Dr.  Elliott  Schlam,  U.S.  Army  Electronics 
HAD  Conwand,  Ft.  Monmouth,  Sew  Jersey.  The  objective  of  this  session  was  "to 
acquaint  attendees  with  current  state-of-the-art  In  sensors  and  displays." 

This  session  was  divided  Into  two  parts  -  the  first  half  being  devoted  to 
sensors  and  the  second  half  to  displays.  Besides  Capt  Hake,  other  speakers 
In  the  sensor  area  Included  Mr.  Ronald  Siweckl,  Aeronautical  Systems  Division, 
Wrlght-Pat terson  Air  Force  Base,  Ohio;  Mr.  Andy  Orandjean,  Air  Force  Avionics 
Laboratory,  Wr 1 ght-Pat terson  Air  Force  Base,  Ohio;  and  Mr.  Stuart  Layman, 

Night  Vision  and  Electro-Optics  laboratory.  Ft.  Bolvoir,  Virginia.  Speakers 
for  the  display  area  In  addition  to  Dr.  Schlam  Included  Mr.  Harry  Waruszewski, 
Aeronautical  Systems  Division,  Wr 1 ght -Pat t er son  Air  Force  Base,  Ohio;  Mr.  John 
Mvslng,  Air  Force  Avionics  Laboratory,  Wr 1 ght -Pat t er son  Air  Force  Base,  Ohio; 
Mr.  James  Brlndle,  Night  Vision  and  El ec t ro-Opt 1 c s  Laboratory,  Ft.  Belvoir, 
Virginia;  and  Mr.  Steve  Kay,  Aeronautical  Systems  Division,  Wrlght-Patterson 
Air  Force  Base,  Ohio. 

Capt  Hake,  In  opening  the  sensor  portion  of  this  session,  stressed  the 
fact  that,  although  the  common  module  FLIR  has  Increased  our  effectiveness,  the 
scenarios  for  the  1980' s  are  growing  more  demanding  and  the  Increased 
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capabilities  in  our  adversai ies'  offensive  and  defensive  weaponry  are  driving 
FI- 1 K  sensor  requirements  towards:  (1)  greater  de t ec t lon/recogn 1 1 ion  ranges;  (2) 
better  adverse  weather  capability;  (3)  reduced  operator  workload,  and;  (4) 
decreased  sensor  size,  weight  and  power.  Capt  Hake  then  discussed  the  approach 
that  is  being  used  to  meet  these  requirements. 

Mr.  Stwecki's  presentation  dealt  with  the  common  module  Fl.IR  as  it  applies 
to  the  PAVE  TACK  system.  He  described  the  system  and  some  of  the  results  ob¬ 
tained  from  the  acceptance  testing  and  from  some  of  the  flight  tests.  (Due  to 
the  classified  nature  of  the  Information,  Mr.  Siwecki's  presentation  has  not 
been  included  in  the  proceedings  in  order  that  this  document  be  kept 
unc 1  ass  1 f 1 ed . ) 

Mr.  Crandjean's  presentation  dealt  with  the  FI  I K  Technology  Demonst rn' ion 
(FTD)  program  being  conducted  by  his  organization  (under  contract)  to  develop 
a  concept  for  the  next  generation  KLIR  sensor.  He  Indicated  that  mission  ana¬ 
lysis  and  concept  formulation  studies  conducted  during  Phase  1  of  this  effort 
were  used  to  develop  the  design  and  establish  the  operational  requirements  for 
the  next  generation  Fl.IR  sensor.  He  also  pointed  out  that  a  limited  display 
study  was  performed  as  part  of  the  concept  formulation  study.  He  stated  that 
the  study  dealt  with  how  existing  CRT  technology,  or  advanced  display  technology, 
could  satisfy  the  sensor /operat or  interface  requirements  in  an  aircraft  such 
as  the  F-lb.  Also,  as  part  of  the  concept  formulation  task,  two  concepts  were 
posited  in  connection  with  the  display  problem  -  a  liquid  crystal  display  (LCD) 
and  a  CRT  virtual  image  display. 

Mr.  Lavman  discussed  two  programs  currently  being  pursued  to  develop  high 
performance  second  generation  Fl.IR  systems  for  the  Army.  The  first  is  the 
Advanced  Tactical  (ATAC)  Fl.IR  and  the  second  is  the  High  Sensitivity  Tank  FUR 
(HISTAE).  The  ATAC  Fl.IR  is  a  technology  demonstrator  for  airborne  applications 
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Incorporating  a  CCD  processed  SI: In  focal  plane  assembly  operating  In  the 
3-5>u  region.  Automatic  image  processing  Is  Included  In  this  system.  The 
HISTAF  system  Is  being  developed  for  future  combat  vehicle  applications  and 
incorporates  a  high  density  focal  plane  using  8-12u  PV  HgCdTe  detectors  with 
CCD  processing  on  the  focal  plane.  The  emphasis  in  this  program  is  on  high 
sensitivity  for  poor  weather  operation  and  degraded  atmosphere  penetration. 

Dr.  Schism  opened  the  display  portion  of  this  session  by  focusing  on 
three  areas  -  technology  management,  display  requirements,  and  display  devices. 

In  the  technology  management  area,  he  stated  that:  (1)  the  system  specifications 
must  address  the  man/machlne  interface  and  must  recognize  the  importance  of  the 
display;  (2)  ve  must  tell  the  contractor  what  is  expected  of  him  with  regard 
to  the  man/machlne  interface;  and  (3)  we  must  require  the  contractor  to  design 
for  technology  insertion,  l.e.,  support  h.3A  efforts.  In  delineating  the  display 
requirements,  we  must  Weep  in  mind:  (1)  the  spec i f 1  cat  1 ons ;  (2)  system  configuration 
and,  (3)  functional  configuration.  In  the  area  of  display  devices,  he  discussed 
CRT  and  flat  panel  displays. 

Mr.  Waruszewskl ' s  presentation  focused  on  a  historical  look  at  CRTs  In 
the  Air  Force.  Utilizing  photos  of  the  various  displays,  he  discussed  the 
various  panel  mounted  and  heads  up  display  (HUD)  devices  that  have  been  and  are 
currently  in  the  Air  Force's  inventory. 

Dr.  Schlam's  presentation  centered  on  direct  view  solid  state  displays. 

In  particular,  he  discussed  tet hnologv  developments  in  three  areas  -  thin  film 
transistor  electroluminescent  (TFT-EL)  displays,  liquid  crystal  displays  (LCD), 
and  light  emitting  diode  (l.FD)  displays.  Within  each  of  these  flat  panel 
display  areas,  he  described  the  construction  and  operating  (performance' 
characterlst les  of  each  and  listed  some  of  their  advantages  as  well  as 
limitations.  He  also  demonstrated  an  Imaging  F.L  display. 


Mr.  Mvsing’s  presentation  focused  on  HUD's  with  emphasis  on  the  application 
of  dlftractioi  opt  leal  elements  (DOE)  to  these  displays.  Unfortunately,  Mr. 
Mysing's  presentation  Is  not  available  for  publication. 

Mr.  Brindle's  presentation  dealt  with  the  area  of  helmet  mounted  displays 
(HMDs).  After  giving  a  brief  description  of  the  concept,  Mr.  Brindle  gave  an 
ove  view  of  the  state-of-the-art  in  this  area.  This  overview  was  then 
followed  by  a  discussion  of  the  major  development  thrusts  for  HMDs. 

Mr.  K.iv's  presentation  centered  on  the  displays  used  with  the  PAVE  TACK 
sensor.  In  particular,  he  focused  on  the  virutal  image  display  (V1D)  found 
in  the  rear  seat  of  the  F-sC  aircraft.  He  indicated  that  the  main  drivers 
for  a  VID-tvpe  display  were  lack  of  panel  spate,  longer  ranges,  larger  displays, 
and  tra.  king.  Mr.  hay's  presentation  is  not  available. 

In  reviewing  the  papers  presented  in  this  Session,  the  major  thrusts  It 
sens  r  development  1  t. -wards  Increasing  detection  recognition  ranges,  providing 
higher  res  lution,  anti  usability  during  adverse  weather  conditions.  In  the 
display  area,  although  deve lopment s  in  the  area  of  solid  state  devices  have 
made  great  strides,  it  is  apparent  that  the  CRT  device  will  continue  to  be 
the  print  Inal  display  device  for  the  immediate  future. 

Session  VI  I  -  Open  Executive  Session 

The  final,  vet  most  important,  session  of  t  tie  Workshop  was  an  open  execu¬ 
tive  session  Jointly  chaired  by  the  tri-service  representatives  to  the  Display 
Working  Group  -  Mr.  Wayne  Martin  (Air  Force),  Mt .  James  Brindle  (Army),  and 
Mr.  William  Mtilley  (Navy).  The  objective  of  this  session  was  "to  assess  what 
had  transpired  at  the  Workshop  and  to  generate  recomroendat i one  regarding  future 
research  efforts,  future  development  efforts,  and  future  activities  in  the 
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display  area."  As  was  the  case  for  Session  IV,  the  discussions  and  dialogue 
which  took  place  during  this  session  were  recorded  and  transcribed  and  can 
be  found  in  the  proceedings  section.  The  following  issues  received  individual 

discussion : 

1.  Display  development  efforts  should  be  evolutionary  in  nature,  an 
iterative  process,  with  options  for  technology  Insertion. 

2.  Then  is  Insufficient  user/developer/designer  interaction. 

3.  There  is  a  gap  between  display  technology  base  (6.2)  and  system  develop¬ 
ment  (t>.4),  which  must  be  filled  by  6 .  3A  work. 

*.  We  don't  understand  the  man-machine  Interface  as  related  to  the  mis¬ 
sion  requirements  sufficiently  well  to  properly  spec  display  needs  (e.g. 
resolution,  ,wi  ,  interaction,  cuing,  tuning). 

5.  There  is  a  lack  of  concepts  for  future  systems  based  on  anticipated 
military  needs  to  drive  the  technology  base. 

6.  There  is  need  tor  "real  world"  analysis,  study,  and  flight  test  simulation 
of  system/devli  e  configurations  based  on  user  needs. 

7.  There  is  a  void  in  the  application  of  state-of-the-art  technology  to 
systems  development  because  of  the  lack  of  6.  )A  funding. 

8.  We  don't  use  (or  have  not  developed)  systems  integration  concept  a/tool s 
well  enough  to  properly  trade-off  between  subsystem  capabilities. 

9.  There  Is  insufficient  attention  spent  on  displays  except  when  they 
appear  not  to  do  their  Job. 

10.  The  display  requirements  necessary  to  perform  specific  tasks  (e.g., 
navigation,  pilotage,  target  acquisition,  weapon  delivery)  have  not  been  suf¬ 
ficiently  defined;  and  that  definition  is  not  a  simple  process  (see  #6). 
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11.  It  Is  apparent  that  display  technology  and  display  systems  development 
across  the  services  is  being  pursued  In  a  non-dupl icat lve  way,  and  that  In 
tact,  there  are  voids  where  added  emphasis  is  required. 

12.  Common  and  valid  measures  of  operator  workload  with  regard  to  displays 
and  other  aircraft  subsystems  are  needed. 

13.  We  need  standardized  dlsplay/sensor  measurement  techniques. 


SESSION  I 
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IF.  RCn  FTiICK 

AEPOMirriGAI.  S^STCHS  DIV  LSI 
ASD/XPOL 

¥PAFP,  tF.  45433 


Session  I  -  Klsnion/Dcctrlns.1  hequlrements 

r'cw  1.1  asl cr./ doctr 1  nal  requirements  are  derived  and  wl.nt  these  requirements 
are. 

Dr.  boy  K.  Prlcl 

Aeronr.utloal  System;  Division  (XHO) 

wrAFl ,  01  ^33 

In  til:  session  we  will  examine  the  r.atur-e  of  the  mission  ar.d  how 
requirements  r.d  doctrine  art  derived. 

In  the  l-tircjean  theatre,  iritsicn  requirements  an  the  m<rt.  erven 
a;  she  wr  r.  th<  fire  t  chart.  Typical  target  arrays  ar.d  defenses  ar< 
such  th«  t  tarn  t  acquisition  ar.c  .Ircraft  survivability  are  of  jrlm* 
concerr  .  Th<  weather  5r  corti .  I  >iuajf  it  chare  cterl  r«>d  ty  lew  celling? 

••  f Igriflcrnt  perkier,  of  th<  time.  To  be  successful  Ir.  this  environment 
require?  ar  effective  tactical  Air  Force  wljch  car.  achieve  increased  tar>it 
V.llls  per  port  le  and  increased  sc  r*  1 1  s  per  day,  l.e.  lrprovenents  ir 
productivity  over  wt*t  we  hnv*  today. 

A:;i  hf.r  sporsor*d  a  study  or  cr.<  versus  twe  sev.t  target  aoquisl  tic  r./ 
v-  i ;  or.  delivery.  The  latter  oh.  ris  siHK.rlae  a  porllor  cf  this  study,  In 
particular  how  mlstlor  and  doctrinal  contioore.t  len:  sr«  derived. 
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WEAPON:  CLUSTER  BOMBS  AND  AGM 


TWO-SHIP  (OR  MORE)  FORMATION 


WEAPON  RELEASE 


MISS ION /DOCTRINAL  REQUIREMENTS 

Lt  Col  Cliff  Ohlenburger,  USA 
U.  S.  Armv  Aviation  Center 


I.  Introduction 


TRADOC  la  the  Army's  principal  combat  developer  and  manv  requirements 
are  generated  within  the  Combat  Developments  Directorates  at  the  manv  schools 
and  centers.  On  the  other  hand  many  other  requirements  are  generated  outside 
TRADOC  as  will  be  discussed  later.  However,  all  these  requirements  eventually 
find  their  way  Into  the  TRADOC  family  for  processing.  Those  which  are  consi¬ 
dered  worthy  of  consideration  are  Incorporated  Into  existing  requirements  or 
thev  are  developed  Into  the  proper  form  according  to  the  life  cvcle  manage¬ 
ment  model  and  processed. 


Tlie  L'.S.  Armv  Aviation  Center  (USAAVNC)  at  Ft.  Rucker,  Alabama  has  pro- 
pencencv  for  aviation  related  night  vision  systems.  With  that  propenrencv. 
Ft.  Rucker  speaks  for  all  requirements  In  that  area. 


Major  General  Marrvm/u,  the  Armv  Aviation  Center's  commander.  Is  the 
TRADOC  community's  aviation  advisor.  As  our  new  commander.  Major  General 

Marrvmzu  has  provided  new  guidance  and  direction  to  Armv  Aviation  related 
Combat  Developments  and  the  Avlat>°r>  Center  will  be  Involved  In  all  aspects 
of  av la t Ion . 


II.  Requirements  Generation 

The  next  two  slides  will  mention  a  few  wavs  In  which  requirements  are 
generated  . 

A  requirements  document  can  be  Initiated  bv  anvone  In  the  field  who  sees 
a  need  or  feels  thev  have  a  solution  to  existing  shortcomings.  Manv  field 
requirements  are  generated  as  a  result  of  field  exercises  such  as  REFORGER, 
normal  unit  training,  or  unique  unit  situations  such  as  found  in  Alaska  or 
the  Canal  Zone. 


The  Aviation  Center  maintains  up-to-date  threat  information  as  it  relates 
to  Armv  Aviation.  This  threat  Information  Is  kept  current  for  both  the  near 
term  and  projected  situation.  As  new  threats  are  Identified,  concepts  and 
doctrine  are  developed  to  combat  them.  In  some  cases,  onlv  changes  In  tactics 
nav  be  required,  however,  new  equipment  capability  mav  be  required  to  defeat 
them . 


Guidance  and  HQDA  studies  often  result  In  new  requirements. 

There  are  many  known  deficiencies  maintained  on  the  books,  so  to  speak, 
and  as  technology  allows,  these  requirements  find  their  wav  Into  a  requirements 
document . 
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We  have  manv  requirements  documents  which  date  back  to  the  early  ' 60s 
and  '70s.  These  documents  must  be  periodically  reviewed  and  updated.  These 
updates  and  reviews  often  Identify  areas  of  concern  and  the  appropriate  docu¬ 
ment  Is  changed  or  eliminated. 

One  of  the  major  documents  which  Initiates  activity  both  on  the  part  of 
Industry  and  within  DARCOM  Is  the  Science  and  Technology  Objectives  Guides 
(STOC) .  This  document  Is  the  kev  to  maintaining  a  military  technology  base 
at  the  Laboratories;  It  is  the  principal  document  for  formulation  and  priori¬ 
tization  of  user -or  lent ed  requirements  for  the  ml d - 1 o- 1 ong- range  planning 
periods. 

Tlie  Battlefield  Development  Plan  Is  a  document  to  focus,  prioritize, 
and  integrate  TRADOC  efforts  in  material  and  training  deve 1 opmcn t s  force 
structure,  concepts  and  doctrine  and  a  vehicle  to  provide  TRADOC  views  on 
major  Issues  to  DA  and  others. 

Mission  Area  Analysis  (MAA)  Is  to  Identify  force  deficiencies  In,  and 
Opportunities  to  enhance,  our  war  lighting  capabilities. 

Mission  Element  Need  Statement  (MENS)  Identifies  the  mission  area  and 
states  the  need  In  terms  of  the  mission  element  task  to  be  performed. 

Technological  breakthroughs  can  accelerate  the  material  developments 
process  and  or  result  In  a  requirements  document  which  results  In  a  material 
deve lopment . 

Spe.  i .1 1  reviews  and  studies  such  as  AAPR,  AVNEC  and  the  current  Divi¬ 
sion  Rh  efforts  often  result  in  at  least  a  long  list  of  deficiencies  which 
1  lnd  their  wav  Into  a  requirements  document. 

The  Product  Improvement  Program  (PIP)  Is  a  process  bv  which  Army  Mate¬ 
riel  is  modified  to  meet  user  requirements,  meet  approved  performance 
spec  1 f 1.  at  Ions ,  rrect  equipment  deficiencies  or  Improve  RAM  characteristics. 

TRAI*K'  has  a  Concept  Evaluation  Program  which  test /evaluates  new  or 
modified  c. incepts  which  could  Improve  doctrine,  tactics,  training,  and 
hardware.  This  program  Is  i  quick  look  and  see  to  determine  If  a  concept 
is  w  rth  continuing.  Add  1 1 1  nullv.  It  provides  Important  Information  and 
understanding  required  t  write  a  useful  requirements  document. 

III.  Life  Cvcle  Management 

Die  Life  Cvcle  Management  model  is  the  guide  to  material  developments 
which  the  DoD  familv  Is  required  to  u«e  as  guideline.  As  requirements  are 
generated,  as  discussed  earlier,  thev  will  usually  take  the  form  of  either 
i  letter  of  Agreement  (LOA),  Letter  Requirements  (LR)  or  Required  Operational 
Capability  (Ri>C).  As  we  all  know,  this  process  Is  time  consuming  and  we  are 
all  -bllgited  f  do  ill  we  .in  to  accelerate  material  developments  to  prevent 
the  fielding  of  equipment  which  is  obsolete  before  It  reaches  the  troops. 


IV.  Combat  Development  Process  (CDP) 


Describes  how  the  Army  decides  what  to  buy  and  tells  you  what  you  should 
be  doing  at  any  given  time  In  order  to  make  your  appropriate  contribution 
to  the  major  material  acquisition  decisions. 

The  document  is  dated  August  1978  and  was  updated  in  Februarv  1979. 

This  is  the  first  time  that  the  entire  POM/Budget  cvcle  major  milestones 
(time  sequenced)  have  been  put  together  in  one  document. 

It  contains  explanation  of  the  CD  process,  master  planning  schedules, 
individual  program  planning  schedules,  and  monthly  planning  schedules. 

It  is  designed  to  provide  all  TRADOC  schools  and  centers  with  the  proper 
tools  to  dlrectlv  Influence  the  budget  and  in  effect,  shape  the  future  Armv . 

V.  Armv  Aviation  in  the  High  Threat  Environment 

First  I  will  discuss  requirements  that  are  general  in  nature  to  provide 
a  basic  understanding  of  conditions  under  which  Armv  Aviation  must  operatre. 
Additionally,  I  will  discuss  some  broad  capabilities  and  requirements  which 
•to  not  specifically  al rcraf t- t vpe  sensitive.  Secondly,  I  will  list  a  few 
requirements  docuwnts  in  which  the  specific  characteristics  are  contained. 

Armv  Aviation  in  the  high  threat  environment  can  no  longer  afford  to  be 
a  daytime  aviation  capability,  we  must  be  ready  to  accomplish  our  mission 
on  a  twentv  four  hour  basis. 

We  cannot  accept  a  wide  difference  in  capabilities  between  dav  and 
n*kht  mission  performance.  Our  performance  must  he  near  equal  both  day  and 
night  . 

The  threat  to  Armv  Aviation  in  the  European  environment  is  probably  the 
greatest,  however,  we  cannot  expect  to  fight  anywhere  in  the  world  and  find 
less  of  a  threat  than  found  at  the  end  of  the  Southeast  Asia  conflict.  As 
you  well  know,  towards  the  end  of  that  fighting,  sophisticated  anti-aircraft 
weaponry  forced  Armv  Aviation  into  the  terrain  flight  envl ronment .  The  only 
difference  that  can  be  expected  in  anv  future  conflict  will  be  in  quantity 
of  air  defense,  not  capability.  Aircraft  survivability  against  the  known 
threat  can  be  acceptable  using  terrain  flight  techniques  combined  with  air- 
rift  survivability  equipment  and  clearer  target  acquisition  capabilities. 

The  terrain  flight  environment  Is  explained  as  follows: 

Contour  flight:  maintaining  a  constant  altitude  which  clears 
obstructions . 

Low  Level:  following  the  curve  of  the  earth  and  using  onlv  suf¬ 
ficient  altitude  to  clear  obstructions  to  flight. 

Nap-of-the-Earth ( NOE ) ;  flvlng  as  low  to  ground  as  possible,  main¬ 
taining  rotor  clearance  from  obstacles. 


rh-  clos-T  to  he  ftHA  t..e  lover  an  ^my  aircraft  must  fly  to  survive. 
Fly.n,  forward  fron  the  Division  rear  area  toward  the  front,  you  will  pro- 
fTes  ively  move  iron  c  ntour  flight  to  nOt,  the  latter  of  which  is  the  most 
d  -landing  on  t.  e  aircraft  crew  and  .nstalled  systems.  WOL  flight  will  see 
ranid  accelerations  fr  r  C  -  t>.  nets,  periods  of  hover  .n  and  out  of  ground 
effect,  r-’pi  chart  es  in  direction  irith  turn  angles  in  excess  of  6o°*. 

Amy  aviation  nu  t  operate  in  periods  of  reduced  visibility  on  a  2h 
hour  basis.  Obstructions  to  visibility  both  natural,  such  as  fog,  rain, 
snow,  etc.,  anci  those  man-made  obstructions  such  a  smoke,  obscurants 
resulting  from  battle.  Intensive  rattle  can  quickly  turn  a  clear  day  with 
good  vivibility  and  a  few  clouus  into  a  dark,  cloudy  day  with  visibility 
restrictions  t  as  low  as  1/1*  mile.  ..istorv  verifies  this.  *ny  battle 
we  can  expect  will  result  in  destructi  n  which  -..ill  leave  many  buildings 
and  equipment  ournin',  anc  ing  and  ex  loding  in  the  battle  area. 

Navigation  and  target  acqiisitf  n  mast  be  acc.n, dished  in  tills  dirty 
envirom  nt  insuring  that  aviation  assets  are  at  t..e  right  nlace  at  the 
right  tire  and  can  acquire  and  engage  t-u-gets  at  the  n-uxinura  ranges  of 
the  wea:xin  systems. 

Survivability  will  be  dependent  on  minimi sing  exposure  time  while 
navigating,  acquiring,  and  -ngaging  targets,  'il.is  may  reruire  scanning 
the  battle  .area  quickly,  allowing  the  aircraft  tc  remask,  then  review  stored 
inf  rm  ti  n  for  targets.  Ano'her  alternative  may  be  to  provide  a  system 
which  rlac  s  the  ;  ilot  or  oi  server  eyes  above  the  rotor  plane  iKast  mouited 
sirht ) . 

It  is  inportont  that  the  des-.gn  r  of  any  ai:  craft  system,  such  as  night 
vision  equ  pnent,  keep  in  his  mind  that  operation  of  that  system  should  com- 
deroent  survivability. 

•her  practical,  wo  r-.ust  strive  f.  r  assive  systems  to  mirunuze  detec- 

ti  on. 


The  conco  t  of  modularity  should  be  addressed  in  order  to  take  advantage 
of  o  ono-’ics  *n  n  nrerr  wh  re  diffe-ent  sensor  packages  may  be  c  .  m  posed  of 
some  com.  on  c  itncnen-  3.  Additionally,  technology  vs.  weight  may  not  allow 
some  A rry  aircraft  to  carry  both  a  dav  and  night  sensor  package,  therefore 
the  c  mrander  oust  be  -bie  to  tailor  his  aircraft  t''  the  mission,  ideally, 
the  svst.Ti  s  nsor  package  wc  aid  have  both  a  day/night  ca.abilty,  be  light- 
v**'rht,  end  nav  re  i3' liable  co  t. 

"■at«»rial  d^vol  n  nt  must  r.triv  u  r  .nimir.o  syst'-ns  weight.  .army  air- 
fram-  i  •  ter ic ally  beccm*  < vrlo  ao<  onic  iv  during-  their  serv ce  ife, 
anc  tra  ooii  in  syload  or  or  n  nee  nu.  t  r  node.  ^ieducti  ..  in  •  reign t  must 
h  .<’ver  cor.  i;  or  t..e  risk  level  an  '  c  st  ef  eet- veness. 


The  ter  tin  fl  gr  t  envir  rrv>nt  den  n  is  onoratin"  in  an  envi-onn  -nt  where 
wires  and  wire-1  ke  obstacles  exist  and  terrain  av  idnnce  nf  rmati  n  is 
neccsrary  durng  *-riods  of  reauc  d  visibility,  tv  th  day  and  night.  A  re¬ 
quires,  mt  ox .  ts  for  b  th  wire  cutters  and  wire  de  ection.  Tr'de  ffs  in 
wire  si:e  t  cut  and  act  ct  v-ii'  oe  requ  red  to  optimize  the  syste  . 
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All  development  efforts  must  devote  assets  to  systems  Integration.  Where 
capabilities  exist  within  the  airframe  system  it  should  be  incorporated  and 
utilized  and  duplicated  only  when  necessary.  Use  total  systems  integration 
approach. 

During  the  development  phase,  countermeasures  resistance  must  be  designed 
in  early.  We  are  up  against  a  sophisticated  EW  environment  and  must  reduce 
susceptibility  to  lamming  and  spoofing. 

Key  to  the  display  area  is  reduced  aircrew  workload.  Provide  the  crew 
only  the  information  thev  need  when  thev  need  it  or  request  it.  With  the  small 
amount  of  real  estate  available  in  our  cockpits,  we  can  no  longer  afford  the 
luxury  of  providing  a  dedicated  Instrument  for  everv  possible  aircraft  function. 
We  must  eliminate  those  instruments  that  are  Indicating  normal  operation  99. 92 
of  the  time.  Remove  all  that  t vpe  instrumentation  and  perform  the  monitor 
function  through  processors  and  provide  that  information  to  the  aircrew  only 
when  it's  not  normal  or  is  requested.  Svsteras  integration  and  displays  designed 
to  minimize  cockpit  real  estate  should  not^  consolidate  to  a  point  that  all 
functions  -  fire  control,  station  keeping,  conmunlcat ions ,  navigation,  etc.- 
are  Incorporated  into  one  display  and  increase  crew  workload.  Systems  engineer 
and  optimize  the  number  of  displays  required.  Look  at  common  displays  that 
can  pick  up  the  workload  of  another  when  one  falls. 

Provide  the  highest  reliability  obtainable  within  reasonable  cost  and 
risk.  We  cannot  afford  to  have  the  avionics  systems  to  be  the  major  source 
of  low  aircraft  availability. 

Design  in  ease  of  maintenance  through  built-in  test,  accessible  test 
po int  s  ,  etc. 

listed  here  arc  a  few  of  the  key  requirements  documents  which  contain 
spec  if ics: 


RiV  for  night  vision  systems  for  Army  aircraft. 

Air  raft  requirements  documents  for:  AAH ,  AH-1,  ASH  (currently  under 
study  again),  and  0HS8C. 

Draft  prepared  IDA  for  dav/night  mast  mounted  sight  system  (MMSS). 
Aviation  night  vision  goggle  system  program. 

Improved  lighting  system  for  Army  aircraft  (I1.SAA)  LOA . 
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16  .JANUARY  1979 


F- 19  CONVERS I (  N  IN  LIEU  OF  PROCUREMENT  STUDY 

MR  J.  COLOMBO 

NAVAL  AIR  DEVELOPMENT  CENTER 
WARMINSTER,  PENNSYLVANIA  18979 
2  1  S-99 1  -  3160 
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F- 14  CILOP  (CONVERSION  IN  LIEU  OF  PROCUREMENT)  STUDY 


The  F-14  weapon  system  was  developed  to  respond  to  a  changing 
threat.  Review  of  long  range  national  policy  has  Indicated  a  need  for  an 
updated  carrier -baaed  F-14  aircraft  to  protect  the  sea  lanes  of  consnunlca- 
tlon  used  by  U.S.  and  friendly  nations.  Current  national  defense  economics 
demand  mission  versatility  and  technology  adaptation  In  current  aircraft 
to  meet  this  need  rather  than  procuring  totally  new  military  systems. 

The  objective  of  the  F-14  CILOP  Is  to  Increase  the  capability  of  the  current 
aircraft  to  successfully  perform  the  Maritime  Air  Superiority  (MAS)  mission 
against  the  threats  of  the  1990-2000  time  period.  The  F-14  weapon  system 
update  to  incorporate  both  present  and  future  technology  can  be  effective 
into  the  twenty-first  century.  A  CILOP  program  is  an  economically  and 
technologically  realistic  approach  to  accomplish  this  objective. 

The  Naval  Air  Development  Center  (NAV'AI RDEVCEN1  Is  designated  primary 
field  activity  and  technical  coordinator  for  the  F-14  CILOP  program  study 
during  the  Program  Initiation  Phase.  The  NAVA1RDEVCF.N  has  been  tasked  to  study 
and  evaluate  the  baseline  effectiveness  and  survivability  of  the  F-14  air¬ 
craft  against  advanced  alternative  configurations  In  representative  air-to- 
air  environments  and  to  perform  the  necessary  system  Integration.  Hughes 
A’-cratt  Company  and  Grumman  Aerospace  Corporation  were  primarily  lesponslble 
for  the  generation  of  the  alternative  system  configurations 
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The  purpose  of  this  document  Is  to  briefly  summarize  the  approach 
of  the  CILOP  Program  Initiation  phase  in  terms  of  the  successful  accom¬ 
plishment  of  the  system  integration  and  analysis  objectives,  and  to  indicate 
some  selected  Controls  and  Displays  aspects  of  the  study. 

System  integration  objectives  included: 

1.  Establish  technical  guidelines  for  contractor  development  of 
alternat  ive  conf  iour.it  ions 

2.  Evaluate  contractor  submitted  technology/suhsvstems /system 
alternatives  in  the  areas  of  performance,  risk,  cost  and  schedule. 

Systems  analysis  objectives  included: 

1.  Determine  F-14  system  baseline  effectiveness  and  survivability  for 
primary  F-14  missions. 

2.  Determine  system  effectiveness  and  survivability  of  alternative 
F-14  Cl LOP  configurations. 

3.  Compare  effectiveness  and  survivability  of  alternate  F-14  C1L0P 
con f igurat ions  to  each  other  and  to  the  baseline  system. 

4.  Determine  cost-effectiveness  of  the  baseline  system  and  Cll.OP 
al ternat i ves  . 

This  presentation  focuses  on  the  avionics  systems  requirements  to  meet 
MAS  mission  needs  of  the  1990's  and  beyond.  Since  the  F-14  represents  the 
exclusive  Naval  air  capability  for  lo  ig  range,  standoff  fleet  air  defense, 
it  becomes  imperative  that  the  avionics  be  updated  to  continue  to  be 
responsive  to  the  future  threat. 
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Threats  are  categorised  into  two  major  categories:  manned  aircraft 
and  cruise  missiles,  each  of  varying  radar  cross-section,  altitude  and 
speed  categories. 

Besides  meeting  the  threat  it  becomes  necessary  to  correct  deficiencies 
in  the  avionics  that  reduce  operational  readiness -rel 1 abi 1 ity  and  maintain¬ 
ability  improvements,  reduced  logistics  cost,  and  reduced  dependence  on 
ground  support  equipment. 

Threat  scenarios  were  postulated  and  approved. 

A  technology  survey  projecting  mid-1980's  state-of-the-art  availability 
for  avionics  was  conducted.  Subsystem  advances  which  represented  up  to 
moderate  risk  in  schedule,  cost  and  produc 1 bl 1 1 ty  were  considered  for  CILOP 
alternat Ives  . 

Various  system  alternatives  were  subjected  to  system  and  cost  effective¬ 
ness  analysis  based  on  approved  methodologies  and  proced urea.  These 
alternatives  were  evaluated  relative  to  each  other  and  to  the  F-14  base¬ 
line  configuration.  The  baseline  was  defined  as  an  already  Improved  version 
of  the  current  system  so  as  not  to  exaggerate  the  improvements  due  to  the 
CILOP.  The  most  cost  effective  alternative  was  recownended  for  assessment 
during  the  follow-on  Demonstration  and  Validation  phase  of  the  program. 

A  major  avionic  subsystem  is  the  Controls  and  Displays  The  operational 
needs  which  help  define  the  Controls  and  Displays  requirements  include 
operational  and  system  needs.  Operations  needs  include: 
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Multiple  targets 


-  Complex  raid  structures 

-  Identification  requirements 

-  ACM  quick  reaction 

-  Mission  completion 

-  ECM  environment 

-  Fleet  interoperability 
System  needs  include 

-  Data  availability 

-  Processing  capability 

-  Redundancy 

-  Flexibility 

-  Data  formatting 

-  Operator  workload 

-  Weapon  requirements 

Display  rcconxnendat ton  for  CILOP  consisted  of  an  integrated  Controls 
and  Displays  subsystem,  based  on  tbe  Airborne  Integrated  Display  System 
concept,  to  Include: 

-  Redundant  progr  armab  1  e  digital  processors 

-  Multifunction  displays 

-  Dawn  to  Dusk  Television  Identification  System 

-  Dual  Cockpit  Helmet  Mounted  Sight 
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F -  I  6  EXPANDED  CAPABILITY  INITIATIVES 


MAJOR  J.  JERRY  ARMSTRONG 
ASD/YPRS  AUTOVON  785-5812/6033 

The  evolution  of  aircraft  changes  can  potentially  be  a  painful 
process  for  personnel  assigned  to  an  aircraft  program  office.  The 
definition  of  requirements,  program  direction,  the  budget  cycle,  the 
definition  of  aircraft  changes,  and  the  contract  change  procedures  is 
frequently  a  lengthy  process  at  best.  Developments  which  are  not  under 
control  of  the  program  office  and  which  are  not  time-phased  with  program 
activities  can  further  complicate  the  life  of  project  managers,  engineers, 
and  others  in  the  program  office.  One  key  to  success  is  anticipation  of 
requirements  by  the  program  office.  We  must  take  the  initiative  in 
planning  for  potential  changes. 

While  formal  methods  exist  for  operating  commands  to  state  require¬ 
ments  and  for  higher  headquarters  to  issue  direction  so  that  the  program 
office  can  proceed  with  changes,  there  must  be  a  significant  level  of 
"hand  holding"  to  assure  the  orderly  evolution  of  a  change.  The  program 
office  has  a  responsibility  to  take  the  initiative  to  work  with  the 
operating  commands  and  higher  headquarters  to  assure  that  all  options 
are  considered  in  light  of  current  and  future  technology,  schedule, 
budget  limitations,  etc.  The  program  office  and  the  laboratories 
must  similarly  work  together  to  assure  that  potential  requirements, 
program  considerations,  and  development  efforts  are  coordinated.  And 
of  course,  that  is  what  the  Tri-Service  Workshop  and  this  briefing  is 
a  I  I  abou  t . 

A  team  of  officers  from  the  F-16  System  Program  Office  recently 
completed  a  study  to  define  expanded  capability  options  for  the  F-16. 

The  objectives  of  the  team  were  to  identify  candidate  technologies  and 
development  programs  that  have  potential  F-16  application,  to  identify 
development  voids,  to  assess  options  for  F-16  missions,  and  to  recommend 
initiatives  to  expand  the  capability  of  the  F-16.  The  team  worked  closely 
with  the  various  Air  Force  laboratories  in  evaluating  technology  and 
development  programs. 

The  team  also  worked  hand-in-hand  with  personnel  representing 
Tactical  Air  Command  in  assessing  the  projected  threat,  current  and 
expanded  F-16  missions,  current  and  future  technology,  current  develop¬ 
ment  programs  and  other  collateral  factors.  That  assessment  led  to 
configuration  options  that  were  then  viewed  in  relation  to  development 
considerations  (aircraft  compatibility,  performance,  etc)  and  budget 
realities.  Operational  considerations  such  as  force  structure  require¬ 
ments,  user  needs,  and  the  utility  of  the  expanded  capability  options 
were  not  considered  since  this  is  the  responsibility  of  the  operational 
common i ty . 
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The  discrete  technical  options  were  assessed  from  a  technical  view¬ 
point  in  terms  of  their  potential  contribution  to  the  F - 1 6  current  and 
potential  air-to-air  missions  (within  visual  range  and  beyond  visual 
range)  and  current  and  potential  air-to-ground  missions  (day,  night, 
adverse  weather).  In  looking  at  potential  Integration  impacts  of  such 
systems  or  subsystems  as  the  Joint  Tactical  Information  Distribution  System 
(JTIDS),  advanced  sensors  such  as  FLIR  and  TV  t rack  I ng/ 1 aser  designator 
pods,  E-0  weapons,  etc.,  it  quickly  became  evident  that  display  options 
would  play  an  integral  part,  indeed  a  vital  role,  In  the  expanded 
capability  definition.  Multiple  sensors  and  the  requirement  to  display 
situation  awareness  data  to  the  pilot  would  have  a  significant  impact 
on  the  number  of  displays,  their  position  in  the  cockpit,  and  the 
integration  of  those  displays  into  the  total  F-16  avionics  architecture. 

In  evaluating  the  schedules  for  on-going  development  programs,  it 
was  obvious  that  display  development  will  have  to  proceed  in  an  orderly 
fashion  to  meet  the  milestones  of  those  programs  Furthermore,  the 
schedules  of  concurrent  decision  milestones,  further  complicate  the 
task  of  defining  aircraft  integration  impacts  including  new  display 
requ i rement  s . 

Recommendations  of  the  team  included  putting  a  planning  wedge  in  the 
FY  81  RiD  budget  submission.  Hopefully,  display  technology  will 
continue  to  mature  to  assure  a  timely  transition  of  the  matured 
technology  to  engineering  development  in  the  FY  8l  timeframe.  If  the 
technology  progresses  adequately  and  is  consistent  with  F - 1 6  requirements, 
leadtimes  will  be  protected. 

Two  display  options  are  particularly  critical  in  terms  of  technology 
and  long  lead  development.  The  first  is  a  wide  field  of  view  HUD  for 
display  of  FLIR  video.  The  second  is  a  Tactical  Situation  Display 
(TSD)  for  situation  awareness  including  display  of  JTIDS  data.  The 
TSD  Is  a  moving  map  display  with  an  overlay  capability.  Another  option, 
although  not  so  critical  'n  terms  of  technology,  is  a  multipurpose  CRT 
display. 

In  conclusion,  the  potential  exists  to  substantially  improve  and 
expand  F-16  mission  capab I  I i t i es .  But  in  order  to  significantly  Impact 
the  future  F-16  production  deliveries,  in  terms  of  minimizing  retrofit, 
development  must  start  now  in  some  critical  areas.  Current  aircraft 
displays  will  be  over  committed  and  Inadequate  for  expanded  capability 
options.  Hopefully,  past,  current,  and  future  development  efforts  will 
have  matured  technology  to  the  point  such  that  when  improved  and/or 
expanded  capability  options  are  directed,  the  displays  will  not  be  the 
pac i ng  item  In  terms  of  leadtime  For  the  F-16  those  display  developments 
will  present  particular  challenges.  In  particular,  the  available 
cockpit  space  and  high  ambient  light  levels  will  present  challenges. 

Also,  human  factor  cons  1 de r a t I ons  associated  with  not  ovrr-taskinq 
a  single-seat  fighter  pilot  will  be  a  critical  factor.  Changing 
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missions,  sensors,  avionics,  etc.,  will  require  the  flexibility  associated 
with  software  programmable  displays. 

The  bottom  line  -  the  research  and  development  community  and  the 
system  acquisition  community  must  work  hand-ln-hand  to  anticipate 
requirements  while  always  considering  the  "real  world"  limitations  of 
technology  and  aircraft  integration.  This  is  essential  to  both  development 
and  acquisition  programs. 
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Fe-sslor.  II  -  Systei tf  Requirements 

Hex  the  cnglneor  evolves  s  system  that  will  meet  the  missior./doctrinal 
requlremrr la . 

Dr.  Roy  K.  FYlck 

Aeronautical  System  Division  (XROy 

Wl'AFP,  OR  UMy 

.n  tn>r  slating  niftier,  rre^ulr  •  nrr.ts  tc  system  requirements,  the: 
engineer  must  appreciate  the  process  cf  systems  analysis.  This  process 
taker,  mission  requirements  end  expr«  snes  these  requirements  Ir 
anthe-matl'  ml  term  ,  lr  otb«r  verde,  r  :  yt- tear  r  idel  if  derived  th j c  ugh 
knowledge  of  the  mission.  There  are  various,  levels  cf  analysis  end 
modeling  as  j  hovr  or.  the  flirt  effort .  regrr-dless  of  the  le\el>ar 
a  pprecla  t  lor  must  be  had  of  the  requirements  for  r  n  <  ffectlv»  air  tc 
greund  r . y : ■  ♦  e r  and  +he  Influence  of  mission  details  or  the  model.  Ctr.ce 
this  If  ;  ccoet  llrhed,  re presentation  of  a  system  or.n  he  made  In  a  model. 
The  analysis  methodology  Is  built  or  the  representation  of  different 
phase o  or  mira'cm  ha:  r  cperi  tJcrii.,  rri.’te  ,  pen*  tif  tlcr.,  ?nd 
tcrmiral  target  attaci  . 

Th<  latter  chr  rte  show  hc  v  the  mission  requirements  were  translated 
Into  system  requirements  for  one  vs  twe  scat,  target  acquiel tlor./veapcn 
delivery , 
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ECM .  Automatic  countermeasures  will  be  deployed  (unless  overridden  by  the  crew).  Chaff 
flares  could  be  dispensed  and/or  ECCM  activated. 
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PROMISING  SYSTIM  CONFIG! RATIONS 


The  trade  off  in  the  tw-M  systcn  is  technology  vs.  man,  consequently  the  former  is  not  so  evident. 
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summary 


1  .  TITLE:  THE  pm  role  IN  THE  EVOLUTION  OF  THE  TADS/PNVS  DISPLAYS. 

2.  NAME/TITLE  OF  PRESENTER:  COLONEL  C.  A.  PATNODE,  JR. 

TADS/PNVS  PROJECT  MANAGER 

3.  ADDRESS :  TADS/PNVS  PROJECT  MANAGER'S  OFFICE 

ATTN:  DRCPM-AAH-TP 

USADARCOM 

PO  BOX  209 

ST.  LOUIS,  MO  63166 

4.  TELEPHONE :  AUTOVON  698-3995/5673 

COMMERCIAL  319-268-3995/5673 

5 .  PRESENTAT ION : 

THE  ARMY'S  CONTINUING  INTEREST  IN  A  BETTER  WAY  TO  KILL  TANKS-- 
DAY  AND  NIGHT,  AND  DURING  ADVERSE  WEATHER--HAS  BEEN  SUPPORTED  BY 
A  NUMBER  OF  EXPLORATORY  DEVELOPMENTS.  CONCURRENT  WITH  THESE  DEVEL¬ 
OPMENTS  THE  USER  (US  ARMY  TRAINING  AND  DOCTRINE  COMMAND,  TRADOC) 

WAS  PREPARING  REQUIREMENTS  FOR  SYSTEMS  TO  MORE  EFFECTIVELY  ACCOM¬ 
PLISH  THIS  MISSION.  THE  MELDING  OF  THESE  PARALLEL  EFFORTS,  TECH¬ 
NICALLY  FEASIBLE  SYSTEMS  TO  SATISFY  MISSION  REQUIREMENTS,  PRODUCES 
REQUIREMENTS  DOCUMENTS  FOR  GENERIC  SYSTEMS  OR  SUBSYSTEMS. 

IT  IS  AT  THIS  STAGE  THAT  A  PROJECT  MANAGER  DESIGNEE  BEGINS 
PREPARING  A  DETAILED  DEVELOPMENT  PLAN  FOR  A  GENERIC  SYSTEM  TO 
MEET  THE  USER'S  REQUIREMENT.  A  SERIES  OF  DEVELOPMENT  MILESTONES 
WILL  BE  BRIEFLY  COVERED. 

THE  DEVELOPMENT  AND  RELEASE  TO  INDUSTRY  OF  A  REQUEST  FOR  PRO¬ 
POSAL  (RFP)  THAT  DETAILS  THE  REQUIRED  GENERIC  SYSTEM  IN  A  SPECI¬ 
FICATION,  AS  WELL  AS  THE  TOTAL  CONTRACTUAL  REQUIREMENTS  FOR  TECH¬ 
NICAL  PERFORMANCE,  SCHEDULE,  AND  COSTS  NORMALLY  SIGNALS  THE  PROGRAM 
IS  TRULY  "OFF  AND  RUNNING."  INDUSTRY  RESPONDS  TO  THE  RFP  AND  A 
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CONTRACTOR/CONTRACTORS  IS/ARE  SELECTED  FOR  THE  DEVELOPMENT.  THE 


DEVELOPMENT  TEAM  IS  NOW  IN  BEING.  IN  THIS  PARTICULAR  CASE  THIS 
TEAM  IS  COMPRISED  OF  HUGHES  HELICOPTERS  AS  THE  PRIME  WEAPON  SYS¬ 
TEMS  CONTRACTOR,  MARTIN  MARIETTA  AND  NORTHROP  CORPORATION  AS 
ASSOCIATE  CONTRACTORS  FOR  THIS  PARTICULAR  SUBSYSTEM,  AND  THE  TADS/ 
PNVS  PROJECT  MANAGER  (PM).  THE  PM  MANAGES  THE  PROJECT  BY  COORDINA¬ 
TION  AND  DIRECTION  OF  ALL  RELATED  GOVERNMENT  ACTIVITIES  AND  ADMIN¬ 
ISTERS  THE  INDUSTRY  CONTRACTS. 

THE  CONTRACTOR  DEVELOPS  SYSTEM  CHARACTERISTICS  AND  FROM  THEM 
GENERATES  A  CONTRACTOR  SPECIFICATION  TO  MEET  THE  REQUIREMENTS  OF 
THE  GOVERNMENT  SPECIFICATION.  UPON  GOVERNMENT  APPROVAL  OF  THEIR 
SPECIFICATION  AND  DESIGN,  THE  CONTRACTORS  INITIATE,  THE  FABRICATION 
AND  ASSEMBLY  OF  HARDWARE. 

IN  ORDER  TO  SUBSTANTIATE  THAT  THE  HARDWARE  DOES  MEET  THE  SPECI¬ 
FICATIONS,  THE  CONTRACTOR  AND  THE  GOVERNMENT  VIGOROUSLY  TEST  THE 
HARDWARE,  BOTH  ON  THE  GROUND  AND  INFLIGHT,  AT  VARIOUS  LEVELS  SUCH 
AS  COMPONENT,  SUBSYSTEM,  AND  SYSTEM.  THE  GOAL  IS  TO  OBTAIN  SUFFI¬ 
CIENT  DATA  IN  ORDER  TO  VERIFY  THE  PERFORMANCE  OF  THE  SYSTEM  AND 
TO  SELECT  A  PRODUCTION  CONTRACTOR.  '< 
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TADS  DISPLAY  DESEARCH/FEASIBILITY  BY  MIRADCOM 


OPTIMUM  VIEWING  DISTANCES  FROM  THE  PMD  WERE  ESTABLISHED 


FORT  A.P.  HILL _ MAY  •  JULY  1975 


F  TADS 


•  TV  SENSOR 


DEVELOPMENT  OF  GOVERNMENT  SPECIFICATION 


•  TRADOC 


CONTRACTORS  DESIGN 
iSE  TADS/PNVS  CONTROLS 


CONTRACTORS 

MAJOR  TADS/PNVS  DISPLAY  TRADEOFFS 


9  DEMAGNIFICATION  OPTICS  AND  CUSTOM  DISPLAY 


SYSTEM  CHARACTERISTICS 


•  SIGNAL  TO  NOISE  RATED  •  AMBIENT  ILLUMINATION  •  TASK  LOADING 

•  CONTROLS  -  CONTRAST  •  TRAINING 

•  BRIGHTNESS  •  SUBJECTIVE  FACTORS  (DISPLAY 

•  GLARE  COLOR  PREFERENCE.  ETC.) 


DISPLAY  TRADES  DRIVEN  BY 
SYSTEM  REQUIREMENTS  RESULT  IN 


•  ADAPTION  TIME  (DISPLAY  TO  OUTSIDE 
TRANSITION! 

•  ALLOWABLE  HEAD  MOVEMENT 


DISPLAY  SPECIFICATION 


•  VIDEO  FORMAT  LINE  RATE.  ASPECT  RATIOS.  SYNC  STANDARDS 

•  VIDEO  PERFORMANCE  RASTER  SIZE.  CRT  SPOT  SIZE.  LINEARITY.  DISTORTION  MTR.  BRIGHTNESS. 

DVNAMIC  RANGE.  NOISE 

•  ENVIRONMENT  VIBRATION.  SHOCK.  TEMPERATURE,  QUALIFICATION.  REQUIREMENTS 
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Presentation  by  Lt.  T.  Mitchell,  USN 


Sensor  Branch,  Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 

Phone:  (215)  441-2889 


TITLE:  Concept  Definition  of  a  Night  Vision  System  for  USMC 

Transport  Helicopters. 

PRESENTED  Tri-service  Display  Workshop,  sponsored  by  the  Display  Sub 

Panel  on  Night  Vision  Technology,  Naval  Oceans  Systems  Center, 
San  Diego,  CA  on  15  January  1979. 

SUMMARY  OF  PRESENTATION : 

1.  Night  Vision  System  Requirement  for  transport  helicopter 
operations  in  amphibious  operations. 

2.  Description  of  the  analysis  leading  to  concept  definition. 

a.  Transport  helicopter  mission  description. 

b.  Tradeoff  analysis. 

c.  Measure  of  effectiveness. 

3.  System  options. 

a.  Classes  of  options. 

b.  Display  options. 

c.  System  alternatives. 

4.  Selection  of  options. 
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PSYCHOPHYSICAL  CONSIDERATIONS  IN 
DISPLAY  DESIGN 


By 

Frank  F.  Holly 

US  Army  Aeromedlcal  Research  Laboratory 
Fort  Rucker,  AL  36362 


Introduction 

When  the  psychophysical  aspects  of  display  design  are  discussed,  such 
'actors  as  contrast  ratios  and  critical  flicker  frequency  are  commonly 
considered.  What  I  wish  to  discuss  today  are  some  factors  which  receive 
less  frequent  attention  but  also  have  an  impact  upon  display  design. 

These  factors  are: 

I.  EFFECT  OF  THE  SURROUND  UPON  ACUITY 

II.  MONOCULAR  VS.  BINOCULAR  ACUITY 

III.  EFFECT  OF  TARGET  SIZE  UPON  PERCEIVED  VELOCITY 

IV.  MULTIPLE  IMAGING  PRODUCED  BY  SACCADIC  EYE  MUVEMENTS 


I.  EFFECT  OF  THE  SURROUND  UPON  ACUITY 

The  first  slide  shows  a  type  of  acuity  test  wnich  Is  currently  used  quite 
frequently  in  vision  research.  The  bars  have  a  sinusoidal  brightness  dis¬ 
tribution  which  gives  them  a  "fuzzy-edqed"  appearance.  The  observer's  task 
is  to  adjust  the  contrast  to  the  point  where  the  bars  can  just  be  seen. 

This  is  done  for  different  spatial  frequencies  (bar  widths)  and  the  contrast 
sensitivity  (Inverse  of  the  threshold  modulation)  is  plotted  as  a  function 
of  spatial  frequency.  A  typical  such  function  Is  shown  In  Fiqure  1  (Campbell 
and  Maffei,  1974).  Fiqure  2  shows  for  a  limited  range  of  frequencies  the 
effect  of  various  surrounds  upon  this  function  (Estevez  and  Cavonius.  1976). 
Performance  Is  best  with  a  uniform  surround  which  matches  the  average 
luminance  of  the  bar  pattern  (♦).  A  uniform  surround  is  also  used  in  the 
second  function  (o).  However,  here  a  12'  black  line  surrounds  the  bar  pattern 
separating  it  from  the  uniform  surround.  It  can  be  seen  that  adding  this  line 
degrades  the  performance.  The  poorest  performance  is  produced  by  the  com¬ 
pletely  dark  surround  (□).  This  reduction  in  contrast  produced  by  a  dark 
surround  has  long  been  known  to  television  and  photographic  engineers,  and 
some  desiqners  routinely  use  a  qanna  (which  is  the  ratio  of  display  log 
contrast  to  scene  log  contrast)  of  from  1.3  to  1.5  to  compensate  for  this 
apparent  loss  of  contrast  when  a  scene  is  displayed  in  a  dark  surround. 


179 


It  is  also  known  that  the  surround  effects  occur  with  more  standard 
acuity  tests,  i.e.,  tests  which  use  high  contrast  targets  and  determine 
the  minimum  angle  resolvable.  For  example.  Lythgoe  (1954)  showed  that 
a  dark  surround  reduces  acuity  for  high  contrast  targets  and  flom,  Weymouth, 
and  Kahneran  (1963)  found  that  acuity  is  reduced  when  lines  are  placed 
near  a  LandoU  ring.  Figure  3  shows  the  performance  in  terms  of  angular 
separation  and  Figure  4  shows  the  same  thing  in  terms  of  linear  separation. 


II.  MONOCULAR  VS.  BINOCULAR  ACUITY 

We  can  also  discuss  the  effects  of  monocular  vs.  binocular  viewlnq 
in  terms  of  the  two  types  of  acuity  tests.  Horowitz  (1949)  found  that 
the  minimum  angle  resolvable  with  hiqh  contrast  tarqets  is  from  5  to 
10  percent  snaller  for  binocula'  viewino  than  for  monocular  viewing. 
Campbell  and  Green  (1965),  however,  found  that  with  sinusoidal  contrast 
threshold  targets  the  contrast  required  with  binocular  viewlnq  is  about 
425  lower  with  binocular  viewing  than  with  monocular  viewing  (Fioure  5). 
Thus  the  binocu lar/nonocular  contrast  sensitivity  is  a  ratio  of  1.42 
which  is  close  to  the  sauare  root  of  2  (1.414).  They  explain  their  result 
by  assuming  that  the  outputs  from  the  two  eyes  contain  uncorrelated  noise 
components.  Because  the  standard  error  of  the  sum  of  n  Independent  mea¬ 
surements  Of  a  random  or  noise  process  decreases  as  \TC  an  observer  using 
two  eyes  can  obtain  two  measurements  wnich  thus  permit  a  ^ ~~  lower  contrast 
to  be  detected.  Extrapolating  these  functions  out  to  cutoff  (that  is, 
where  they  become  high  or  unity  contrast  targets)  yields  a  7*  decrease  in 
the  minimum  angle  resolvable  for  binocular  viewing  which  corresponds  well 
with  the  high  contrast  findings  mentioned  earlier. 


III.  EFFECT  O'  TARGET  SIZE  UPON  PERCEIVED  VELOCITY 

A  number  of  investigators  have  shown  that  when  velocity  Is  held 
constant,  small  targets  are  perceived  as  moving  faster  than  larqe  targets. 
Dr.  Behar  (  1978)  In  our  laf  .''  atory  showed  that  this  effect  also  exists  under 
minimal  conditions,  i.e.,  when  a  single  target  is  moved  over  a  homogeneous 
background.  In  his  study,  he  used  a  magnitude  estimation  orocedure  in 
which  he  presented  targets  of  from  7.3  minutes  of  arc  to  57.2  minutes  of  arc 
at  velocities  of  10,  25.5,  40,  54,  and  87  degrees  per  second.  Fioure  6 
shows  the  perceived  velocity  as  a  function  of  size  averaged  over  the  five 
velocities.  Figure  7  shows  the  perceived  velocity  as  a  function  of  size 
for  each  of  the  five  velocities.  It  is  seen  that  there  is  an  Interaction 
such  that  the  effect  is  greater  for  the  hlqher  velocities  than  for  the 
lower  velocities. 
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IV. 


MULTIPLE  IMAGING  PRODUCED  BY  SACCADIC  EYE  MOVEMENTS 


Displays  are  normally  refreshed  at  rates  above  the  critical  flicker 
frequency.  With  fast-transient  technologies,  however,  refreshing  at 
rates  above  this  static  (eyes  fixed)  fusion  frequency  Is  often  not  suffi¬ 
cient  to  eliminate  the  multiple  imaging  and  "jumpiness''  which  occurs  when 
the  eyes  move  to  scan  the  display.  That  is,  when  the  eyes  move,  each 
successive  field  Is  vnaqed  at  a  different  place  on  the  retina  and  the 
amount  of  non-overlap  Is  determined  by  the  refresh  rate  and  the  velocity 
of  the  eye  movement.  (The  amount  of  non-overlap  is  the  critical  factor 
since  the  continuously  visible  scenes  viewed  In  everyday  life  are  also 
Imaged  at  different  places  when  the  eves  nove  but,  since  they  are  over¬ 
lapping,  do  not  present  these  problems.) 

Figure  8  shows  the  maximum  velocity  achieved  for  various  sizes  of 
eye  movements  (Westhelmer,  1954).  If  we  have,  for  example,  a  10  minutes 
of  arc  stroke  width  and  a  15  dearee  eye  movement  (this  Is  about  the  maximum 
size  of  eye  movement  that  occurs  without  a  con  .rrert  head  movement)  which 
achieves  a  maximum  velocity  of  approximately  4<?5J/sec . ,  then  a  refresh 
rate  of  2,318  Instantaneously  presented  fields  per  second  would  give  an 
Image  separation  of  one  minute  of  arc.  When  a  head  movement  occurs,  its 
velocity  would  nave  to  be  added  to  that  of  the  eye  movement.  These 
calculations  are  intended  only  to  present  an  upper  limit  to  the  potential 
problem;  the  actual  rates  required  would  depend  upon:  1)  the  duty  cycle 
of  the  fields,  (2)  the  manner  in  which  the  fields  are  "painted"  on  the 
screen,  (3)  the  luminance  of  the  display  (the  eye's  temporal  resolving 
power  Increases  with  Increasing  luminance),  and  (4)  the  amount  of  non¬ 
overlap  actually  required  to  produce  the  effects. 
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Figure  1.  (From  Campbell  and  Maffei,  1974) 


CONTRAST  SENSITIVITY  OF  A  HUMAN  SUBJECT  is  plotted  as  function  of 
spatial  frequency.  The  scales  are  logarithmic.  Very  high  contrast 
is  given  a  value  of  1,  and  contrast  sensitivity  Is  the  reciprocal 
of  contrast.  The  human  visual  system  is  more  sensitive  to  contrast 
with  sine-wave  gratings  that  have  spatial  frequencies  of  about  two 
or  three  cycles  per  degree.  Contrast  sensitivity  drops  off  at  higher 
and  lower  spatial  frequencies.  Data  were  obtained  by  asking  the 
subject  to  indicate  when  a  particular  grating  could  just  be  seen. 
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Figure  2.  (From  Estevex  and  Cavonlus,  1976) 


Modulation  sensitivity  measured  with  gratings  that  contained 
two  periods,  presented  on  a  uniform  surround  (♦),  dark 
Surround  (CJ),  or  uniform  surround,  marked  off  from  the 
grating  Py  thin  dark  lines  (•).  These  luminance  profiles 
are  shown  schematically  at  the  bottom  of  the  figure. 
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Figure  3.  (From  Flom,  Weymouth,  and  Kahneman,  1963) 

For  a  22-m  diam  landolt  C  placed  at  the  viewinq  distances 
indicated,  the  percent  of  correct  answers  are  plotted  as 
a  function  of  the  angular  separation,  t,  of  4  surrounding 
bars  for  one  amblyopic  (broken  lire)  and  two  normal  eyes 
(solid  line).  Each  circle  represents  144  presentations 
for  subject  D.B.  and  about  50  for  R.A.  Percentages  have 
been  adjusted  for  i  chance  in  4  of  guessing  correctly. 

The  20- ft  Snellen  notation  corresponding  to  the 
"interaction-free"  situation  (no  bars)  is  indicated  for 
each  eye.  The  raximijn  bar  separation  affording  inter¬ 
action  is  specified  by  Point  *,  the  bar  separation 
producing  greatest  interaction  is  designated  as  Point 

y  •  iB4 
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Figure  4.  (From  Floci.  Weymouth,  and  Kahneman,  1963) 

The  probability  of  seeing  data  of  Fig.  3  plotted  as  a  function 
of  the  linear  separation  d  between  C  and  bars.  Unlike  Flq.  3, 
the  viewing  distance  Is  dls^eoarded  In  this  plot  and  the  bar 
separation  are  thus  represented  as  multiples  of  the  qap 
width.  The  arrow  specifies  the  maximum  bar  separation  afford¬ 
ing  Interaction.  The  similarity  between  the  curves  for  the 
amblyopic  and  normal  eyes  Is  notable  In  this  plot. 
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Figure  5.  (From  Campbell  and  Green,  1  65) 

The  results  from  D.  G.  G.  are  plotted  as  contrast  sensitivity  on 
a  log  scale.  Contrast  sensitivity  Is  defined  as  the  reciprocal 
of  the  contrast  at  threshold.  Contrast  sensitivity  3 
I  max  -  [  rln.  Spatial  frequency  In  c/deg  of  visual  anqle  is 
plotted  on  a  linear  scale.  Each  point  is  an  average  of  two 
conservations.  The  two  stralqht  lines  are  placed  at  a  ratio 
of  r?  apart  In  cftntrast  and  fitted  to  the  results  by  eye.  The 
Interrupted  lines  are  extrapolations  to  unit  sensitivity  (100 
per  cent  contrast).  In  the  uorer  portion  of  the  fioure  the 
open  circles  represent  the  ratio,  plotted  on  loa  scale,  of 
blnocular/mean-nonocular  sensitivity  at  each  spatia'  frequency. 
The  straight  horizontal  line  corresponds  to  a  ratio  of  , 7 . 

116 


40  C 


Figure  7 


TARGET  SIZE  (min.  arc-1) 


Velocity  judgments  as  a  function  of  target  size  for  each  of  the 
five  velocities  (From  Behar,  1978).  188 
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Figure  8.  (From  Westheimer,  1954) 

Relation  between  maximum  velocity  and 
extent  of  saccadic  eye  movements. 
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I n t  roduC  1 1 Oi 

Tne  purpose  of  tms  paper  is  to  outline  some  preliminary  results  of  an 
approximately  ten  year  effort  aimed  at  analyzing  and  correlating  human  lumi¬ 
nance  requirements  data.  The  data  analyzed  was  acquired  largely  through 
searches  of  the  display  and  visual  research  literature.  The  analysis  was 
restricted  to  studies  treating  color  normal  subjects  with  20/20  or  better 
static  visual  acuity.  The  goal  of  the  analysis  was  to  first  establish  a 
basic  set  of  human  luminance  requirements  valid  for  known:  high  image 
quality,  low  image  complexity  display  imagery  when  viewed  under  ideal 
environmental  illumination  conditions.  This  was  accomplished  and  an  empir¬ 
ical  equation  which  describes  the  ideal  human  luminance  requirements  was 
developed.  The  second  part  of  the  analysis  qoal  was  to  develop  techniques 
for  describing  the  changes  in  the  luminance  requirements  made  necessary 
when  either  the  display  or  the  viewing  conditions  are  no  longer  ideal. 

The  present  paper  is  restricted  to  a  description  of  how  display  image 
legibility  is  influenced  be  the  presence  of  qlare  inducing  illumination 
levels  within  the  observer's  field  of  view.  An  empirically  based  theoret¬ 
ical  model  for  predicting  the  increase  in  the  ideal  display  imaae  luminance 
requirements  when  discrete  and/or  distributed  qlare  sources  are  present  is 
proposed. 

Basis  and  Procedure  for  Data  Analys i s 

The  data  analysis  approach  adopted  here  assumes  that  reported  experi¬ 
mental  results  are  valid  and  then  identifies  the  commonality,  differences 
and  the  sources  of  apparently  conflicting  study  results.  To  do  this 

involves  (1)  initially  becoming  familiar  with  the  available  visual 

1  •  . 

research  data  base.  (2)  identifying  significant  variables  and  their 
interrelationships,  (3)  converting  the  identified  variables  into  basis 


191 


sets  of  mutually  exclusive  variables  and  (4)  establishing  quantitative  rela¬ 
tionships  between  these  variables. 

Light,  entering  the  eyes,  contains  all  of  the  information  the  human  is 
capable  of  sensing  visually  and  therefore  serves  as  the  source  of  the  exter¬ 
nal  independent  variables  upon  which  both  human  visual  perception  capabilities 
and  display  image  legibility  requirements  can  be  characterized.  The  luminance 
fund  tonal 

( 1 )  L  ( r  a  ...  t ) 

serves  as  a  theoretical  construct  whicn  completely  describes  the  sensed  visual 
scene  and  uniquely  determines  human  visual  performance  when  the  full  range  of 
each  of  the  independent  variables  it  depends  upon  are  specified.  These  vari¬ 
able  dependences  are:  location  within  the  observer's  field  of  view  (r,6,*), 
wavelenqth,  <,  pnase,  .,  and  tine,  t.  In  the  present  analysis  visual  per- 
cepti  r  performance  will  be  analyzed  in  terms  of  the  effect  of  the  luminance 
functional  spatial  variables  within  the  observer's  field  of  view  The  analysis 
is  further  constrained  bv  considering  only  test  data  which  is  of  high  image 
Quality  and  low  inane  complexity. 

lun  1  n a r  e_R ecjuj  r  enen  t  Relat  ions h ip ■ 

Preliminary  investigations  of  variable  interrelationships  resulted  in 
emitted  luminance.  AL ,  (i.e.  the  difference  between  measured  symbol  and 
background  luminances)  background  luminance,  Ln.  and  the  critical  detail 
dimension,  .  .  of  an  image  being  identified  as  variables  most  critical  tc 
a  basic  character i zat ion  of  human  inaqe  luminance  requ i rements .  The  goal 
of  tne  present  analysis  was  to  determine  how  the  emitted  luminance,  At , 
must  be  changed  to  maintain  a  fixed  level  of  performance  as  internal  and 
external  cockpit  surround  luminance  variables.L,  and  L  respectively,  are 
chanqed.  As  a  reference  for  this  analysis  all  other  image  characteristic 
variables  were  considered  to  have  fixed  optimum  performance  values  (i.e. 
static  or  slow  moving  imaqery,  no  vibration,  no  acceleration,  etc.) 

Optimum  emitted  versus  background  luminance  characteristics  that 
were  adapted  from  the  data  of  Jainskl,  and  which  correspond  to 

(?)  24,  ♦  Lp  *  and  Eg  •  0 

were  selected  as  a  baseline  reference  for  establishing  the  degrading  Influ¬ 
ence  of  non-optimum  surround  luminance  and  glarp  source  conditions.  It 


was  possible  to  empirically  characterize  these  optimum  luminance  requirements 
characteristic  in  terms  of  the  equation 


\n 

;ld  n 


Alp  =  "LPk^‘C'  1 

Vdk  / 


where 

(4)  m  =  0.926.  lDK  »  1.704-^Lp|((  *c ) 

The  tern  ALDr(  ■  )  must  be  empirically  determined.  It  is  the  y  axis  intercept 

r  rs  C 

ot  tne  optimized  leqibilitv  luminance  requirement  characteristic  data. 

A  detailed  analysis  of  Jainski's  data,  for  the  case  where  a  discrete 
glare  source  is  present  in  the  observer's  instantaneous  field  of  view, 

resulted  in  the  following  empirical  equation  for  veilinq  luminance.  L  : 

a  •*  -  -  .  -  V 

1.62  Ep 

(5)  Ly(tB)  -  - 7 - 

1  ♦  4.765x10  B 


where  L  is  ’n  toot-lanbert s  (fl  .  Er.  the  qlare  source  illuminance,  is  in 
v  b 

foot-candles  (fc)  and.  .  ,  the  anqle  the  qlare  source  makes  with  the  fovea' 
line  of  sight,  is  in  'eqrees.  Veilinq  luminance,  as  used  here,  is  a  term 
representing  the  increase  in  the  perceived  background  luminance  in  the  fovea’ 
visual  field  when  the  eyes  are  exposed  to  a  source  of  glare  in  the  periphera1 
or  parafoveal  fields  of  view.  The  use  of  veilinq  luminance  appears  to  have 
been  first  postulated  by  Hclladay.  The  veilinq  luminance,  ,  is  added  tc 
the  measured  display  or  scene  background  luminance,  L^,  to  produce  the  per¬ 
ceived  background  luminance  l  ♦  L ^ .  Veiling  luminance  can  therefore  be 
accounted  for  in  the  luminance  requirement  equation,  by  writinq  it  in  the 
modified  form 


(6) 


M. 
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[ld  *  Lv 

\  ldk 


m  1  .92f 


where  L  is  qiven  bv  Equation  : 

A  generalization  of  the  veilinq  luminance  model  to  the  case  wnere  the 
glare  source  is  distributed,  rather  than  discrete,  was  mace  and  wa'  subse¬ 
quently  verified  bv  numerical  inteoration  for  Jainski’s  distributed  nlar* 
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source  experimental  data.  The  generalization  involves  considering  the  illu¬ 
minance  ED  in  Equation  5  to  be  a  differential  source  of  illuminance  satisfying 

the  equation 

(7)  dLB  -  1  L B { *  , :  )d 

where  d  is  the  differential  solid  angle  of  the  source,  L„(0,<)  is  the  lumi¬ 
nance  of  the  source  and  division  by  *  converts  Lp  from  candles  per  sguare 
foot  to  foot-Lamberts  to  make  the  units  consistent  with  those  of  Lv-  The 
veiling  luminance  due  to  a  distributed  glare  source  can  therefore  be  expressed 

as : 

(8)  ly  «  \  4  f(f)LB(e.f)kd  k  «  .87? 

•  TO'. 

wnere 

(9  d  *  sin  d-d 

The  integration  is  taken  over  the  solid  angle  of  the  observer's  instantaneous 
field  of  view,  -pry-1  excludinn  the  area  of  the  fovea  which  has  the  display 
background  luminance  L„  incident  on  it. 

I 

Combining  Equations  8  and  9  and  expressing  the  angular  dependence  in 
radians  rather  tnan  degrees  the  aeneral  form  of  the  veiling  luminance  equa¬ 
tion  can  be  expressed  as 


.081 
v  .  .< 


'  "i  I  i ..  *  y  - 

r  rL  Lp'  ••  ___ 

;r  1  ♦  8.9626 


s  in-d-d 


where  p  1  31,  is  the  radius  of  the  fovea  and 

(11 )  *  g( : ) 

In  this  expression  g ( : )  defines  the  perimeter  of  vision  for  the  human's  instan 
taneous  field  of  view.  Contributions  to  L  for  angles  ■  60"  are  generally 
negligible.  If  desired  and  the  luminance  of  a  discrete  glare  source  such  as 
the  sun  is  known.it  can  be  considered  a  part  of  the  distributed  glare  and 
simply  be  integrated  over  using  Equation  10.  If  not,  its  contribution  to 
veiling  luminance  can  be  calculated  separately  using  Equation  5  and  then 
added  to  the  distributed  luminance  contribution  from  Equation  10.  In  either 
event  the  total  veiling  luminance  can  be  used  with  Equation  6  to  establish 
the  perceived  luminance  requirement. 
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The  results  of  this  analysis  are  at  best  only  a  first  step  toward  devel¬ 
oping  a  comprehensive  luminance  requirements  model.  A  number  of  the  image 
characteristic  variables  held  constant  here  are  very  important.  The  variable 
time,  for  instance,  is  particularly  important  under  night  adaptation  condi¬ 
tions  where  external  targets  can  be  obscured  by  the  combined  effects  of  slow 
dark  adaptation  time  constants  and  by  the  veiling  luminance  caused  by  cockpit 
lighting  actinq  as  a  distributed  glare  source.  Likewise  color  is  covered  by 
the  present  model  only  to  the  extent  that  unsaturated  color  symbols  on  a 
white  background  have  been  shown  to  be  no  more  legible  than  white  symbols  on 
a  white  background  (i.e.  the  purity  of  a  symbol  hue  of  luminance  ;.L  is  reduced 
when  the  symbol  is  superimposed  over  a  white  liqht  background  of  luminance 
l..  due  to  the  color  mixing  that  occurs). 

Although  it  would  be  tempting  to  use  the  results  of  the  present  analysis 
in  night  vision  applications  such  as  either  cockpit  lighting  designs  to  try 
to  optimum  target  identification  performance,  or  for  the  design  and  perfor¬ 
mance  analysis  of  night  vision  goggles;  the  model  has  not  been  verified  under 
these  ranges  of  the  i 1  luminance/ 1 uminance  variables.  While  the  experimental 
i 1 luminance/luminance  magnitude  data  upon  which  Equations  5  and  10  are  based 
did  cover  the  night  vision  condition  fully,  and  therefore  should  be  valid, 
the  angular  weightmq  function  dependence  was  derived  under  high  illuminance 
(i.e.  daylight  adaptation  level)  conditions. 

The  analysis  of  the  available  literature  for  the  night  vision  case  is 
not  yet  complete.  The  majority  of  the  studies  reported  in  the  literature 
predict  f(*)  angular  weightmq  function  dependences  that  drop  off  much  more 
rapidly  with  increasing  angle  than  Equation  5  predicts.  It  is  not  clear  at 
this  time  whether  the  differences  result  from  the  significant  differences 
that  do  exist  between  the  experimental  apparatus  and  testing  criteria  employed 
bv  the  various  researchers,  or  that  in  fact  the  angular  weiqhting  function 
f ( *• )  is  actually  functionally  dependent  on  the  glare  source  illuminance' 
luminance  magnitude... 
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INDIRECT  PERFORMANCE  FACTORS 


1.  EXTERNAL  ENVIRONMENT 

Heat 
Noi  SE 
Vibration 
Accelerat ion 
Air  Composition 


Illumination 

Visibility 

Pressure 

Nuclear  Radiation 


2.  TASK  LOADING 

Speed/Accuracy  Requirement 
Multiplicity  of  Tasks  (Workload) 


3.  INTERNAL  ENVIRONMENT 

Mental  Condition 

Motivation 
Prior  Experience 
Perseverence 
Stress-Anxiety 

Physical  Condition 
Coordination 
Physical  Dexterity 
Strength 
Endurance 


Attentiveness 
Concentration  Level 
Mental  Dexterity 


hi 


LEGIBILITY  FACTORS 


IMAGE  CHARACTERISTICS 
luminance  FACTORS 

•  Lr  or  *L  Display  lmaqe  Luminance  or  Image 
Absolute  Luminance  Contrast  (Perceived  Luminance) 

•  L p  Display  Background  Luminance 

•  Lr  Panel  Surround  Luminance 

•  Lj  I  n t e rna 1  -  F i e 1 d  Surround  Luminance 

•  L^,  External-Field  Surround  Luminance 

•  L^  Luminance  of  Sun  or  Bright  Objects 

•  Op  Horizontal  Angle  of  Object 

•  9,  Vertical  Anqle  of  Object 

•  ©f  Critical  Detail  Dimension 

•  Stroke  Width  (*  of  Height);  15 

Asoect  Ratio  (Width  to  Heioht  ');  50-100 

•  Slant;  Vertical  Best;  <1C 

•  Viewing  Angle;  ’30  . *45®  Side  by  Siae 

COLOR  FACTORS  (Hue.  Purity) 

•  C^  Color  of  lmaae 

•  C„  Color  of  Background 

•  C  „  Color  or  Panel 

•  Cj  Color  of  Internal  Surround  Field 

•  Cy  Color  of  External  Surround  Field 

•  Cg  Color  of  Illuminance  Source 

•  Color  Signal  to  Noise  Ratio 

TIME  FACTORS 

•  I ma ge / D i s p 1  a v  Vibratior 

•  Human  Vibratior. 

•  I  ma ne /D i s p 1  a v  Acceleration 

•  Human  Accelerator 

•  Image  Ve  i  oc 1 1 \ 

•  Information  Uodate  Ratt 

•  Flicker  Rate  on  Flash  Rate  Coded  Informatior 


LEGIBILITY  FACTORS 


IMAGE  QUALIT' 

LUMINANCE  FACTORS 

•  Relative  Image  Edge  Gradient 

•  Picture  Element  Size-Dimensions  X  by  Y 

•  Picture  Element  Densitv 

•  Luminance  Uniformity 

•  Luminance  Averaging  D i ame ter / Ta s I 

•  Image  Reaistratior 

•  Number  of  Comparatively  Distinguishable 
Luminance  Levels  (Shades  of  Gray' 

•  E 1 ec t r  i  c a  1 /Od t i c a  1  Crosstali 

COLOR  FACTORS 

•  Hue  Uniformity 

•  Puritv  Uniformity 

•  Number  of  Comparatively  Distinguishable 
Color 

TIME  factor: 

•  Refresh  kate*^  I ma ge /Ob s e r ve r  Relative 

•  Persistence  j  Motion  Induced  Flicker 

•  Image  Jitter 

•  Luminance  F  1  i  c  ke ' 

•  Color  Constancy 

•  I ma ge -Mot i on- I nduc ed  Image  Periphery  Flicker 

•  Image  Motion  in  Spatially  Discrete  Steps 


LEGIBILITY  FACTORS 


IMAGE  C9MPL  EXIT' 

luminanCl  factor: 

•  No.  of  Distinguishable  Images  Employed 

•  Luminance  Image  Clutter  (Signal  to  Noise 
Ratio  or  the  Image  Rivalry  Ratio) 

•  Image  Spacing  (*  of  Height):  26-63 

•  Word  Spacino  (  ):  60  Mimmur 

•  Line  Spacing  (  "  ):  SO  Minimum 

•  Imaae  Location  in  Observer  Visual  Field 

COLOR  FACTORS 

•  Number  of  Distinguishable  Color  Coded 
Imaaes  for  the  Background  Colors  to  be 
Usee 

•  Color  Imaae  Clutter  (Sional  to  Noise  Ratio 

t  i  y  r 

•  Number  of  Changes  in  Display  Background 
Luminance  or  Color  Per  Unit  Time 

•  Rate  of  Chanae  of  Imaae  Clutter  in  Disp)a\ 
Backorounc 

•  Number  of  J nd e dp nden t 1 v  Moving  Imaaes 
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RECOGNITION  FACTOR'. 


IMAGE  SHAPE 

SCENIC/VIDEC 

SYMBOLIC 

•  Symbol  Shapes 

•  Alphanumeric  font 

•  Scale  Font 

•  Gra  Dh 1 c  r 

IMAGE  COLOR  (Single.  Multi.  True  and  False  Color  Rendition) 
INFORMATION  FORMAT  (Multiple  lmaqery) 

IMAGE  PLACEMEN' 

IMAGE  DYNAMICS 

IMAGE  INFORMATION  CONTENT  (Expressed  in  Picture  Elements 
Per  Imaqe 

TARGET  DETECTIO' 

TARGET  IDENTIFICATION 

DISPLAY  S1Z: 

IMAGE  SIGNIFICANCE 

ALPHABETS  USED  -  NO.  OF  CHARACTERS 

VOCABULARY  -  COMPOUND  SYMBOL  S /WORDS 

PRIOR  EXPERIENCE  ( 1 . e . .  Realism.  Familiarity 

INFORMATION  CODING 

•  Snape  -  No.  of  Absolutely  Distinguishable 
Shapes 

•  Image  Texture  -  Hatching,  Shadinc 

•  Colors  (Symbol/Background)  -  No.  of 
Absolutely  Distinguishable  Colors;  B-8 

•  Flash  Rate  -  Nunber  of  Absolutely  Distin- 
Quishable  Flash  Frequencies;  Range:  .  2  5  - 1 ?  H  Z 
1/3,  1.  4  H  Z  Optimur 

•  Luminance  -  Number  of  Absolutely  Distin¬ 
guishable  Luminance  Levels;  E 

•  Size  -  No.  of  Absolutely  Distinguishable 
Sizes  of  imaqer 

IMAGE/REAL  WORLD  DYNAMIC  RELATIONSHIP: 

•  Motion  Scalint 

•  Observer  Persoec t i ve /Sc a  1 i no  of  lmaqerx 

IMAGE  ORIENTATION  WITH  RESPECT  TO  OBSERVE- 
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i  EGEND  cd  :  CRlT  iCAl  DETAIL 
DIMENSION 


DETECTION  AND  FORM  IDENTIFATION  THRESHOLDS 


IMAGE  ELEMENT 


>■0  ISh 


(  °  ) 


(b) 


0  6h  <  w  <  h 


id  c  0  275h  »  >  0. ISh 

h  ^  Chorotlef  Height 
w  £  Chorocter  Width 
»  £  Stroke  Width 

cd  =  Symbol  Criticol  Detoil  Dimtnii 


Reference  Numeric  Characters 

a)  Continuous  Stroke  Image  Elements 

b)  Continuous  Bar  Segment  Image  Elements 
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MINIMUM  SEPARABLE 
VISUAL  ACUITY  DATA  OF  AULHORN 


Threshold  Lualnarxa  &L  as  a 
Function  of  Display  l.ualnanre 
with  tha  last  Symbol  Color  Ft 


t»  (fL) 


Perceived  luminanci  A  Ip  in  ll 


JO, 000 

1,000 

100 

10 

2.0 - 

1 

0.1 

o.os - 

0.02 - 

.01 

.001 


i  i  r 

Dit  ploy 


1  1 

m  bo  1 . 

L0S 


Desired  Alp  (or 
Vec  lor -Graphic*/ 
Alphanumeric!, 


Threshold  of  Pain 


«■ o *Al 


Minimum  Alp  (or 
Numerics  Only 


Imope  Bloom  Reg  ion 


1st  Gray 
Shade  for  Video. 
Minimum  Alp  (or 
Alphanumeric! 


Inadequate  Imope 
luminance  Region 


'Adjustment  range  lor  setting  the  minimum  image 
luminance  level  that  the  Automatic  Controller 
will  control  the  imoge  luminance  down  to. 


X 


X 


10 


10 


10 


-3 

10 


10  101  10  10  10 

Disploy  luminance  los  in  (l 


10 


4 

10 


10 


Required  Imoge  Luminonce  Control  Reg  ion 
Marginal  Image  luminance  Regi  on 


Definition  of  Perceived  Luminance  Tolerances  for 
Automatic  Luminance  Control  with  Manual  Trin 
Adiustment  ^ 1  * 


V  f 1 1  TNG  LUMINANCE  lu  IN  rnOT-lAMF 


Veiling  Luminance  as  a  Function  of  the  Glare 
Source  Angle  w.r.t.  Foveal  Line  of  Sight 


Eb  •  lO.OOOfc 


NOTES 

: 

1 . 

Eo:  Glare  Source 
Illuminance  in  foot 
candles 

2. 

L0-Lv-Lp-lx]iL-il  - 

3. 

Test  Symbol  Critical 
Detail  Dimension, 
(Xc*21  Arc  Minutes 

4. 

Adapted  from  Data 
of  P.  Jainski 

W4. 765*10  •'o; 


Lv  (fl) 

Ep  (fc) 

Bn  (Degrees] 


GLARE  SOURCE  ANGLE  IN  DEGREES  G. 


Approximate  Veiling  Luminance 
(General  Case' 


Lv  =  A  flat  Lp  (•.^irT'  di. 
it.  FO\ 

2T'  »L  ,  ,  ,..872  -.7, 

-  LR(*.  «• 

L  .  =  1.62  _ , _  Sinadadc 

V  ^57. 3(1+4. 76x  10-^«' 

0  *r 

L  (fL),  Lr  (cd/ft4)  .  6 ( L>e  grees 

where:  «*.  -  pl^’  =  Practical  FOV  Limit  •>  6PC 

*■  3C  =  Radius  of  Fovec 
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TRI  SERVICE  DISPLAY  WORKSHOP 
JAN.  1979 
MODES  AND  TASKS 
W.  L.  CAREL 


The  following  is  a  text  that  annotates  the  viewgraph  package.  The  descrip¬ 
tion  is  minimal  but  should  be  sufficient  to  explicate  the  figures.* 

Figures  1-5.  The  sources  of  information  in  piloted  aircraft  have  progressed 
from  the  highly  "pictorial "  in  the  beginning  of  flight,  through  dedicated  steam 
gauges,  to  display  systems  that  may  once  again  be  "pictorial"  and  act  as  natural 
surrogates  for  direct  vision. 

Figures  6-7.  The  trends  in  cockpit  displays  re-open  Issues  of  information 
requi rements ,  the  proper  ways  of  coding  information,  and  optimizing  the  exploita¬ 
tion  of  sensor  imagery. 

Figure  8.  There  is  a  hierarchy  of  pilot  derived  display  criteria  that  may 
be  used  to  screen  and  evaluate  display  candidates. 

Figures  9-10.  The  functions  of  displays  are  to  satisfy  the  operational  needs 
of  the  pilot  and  to  convey  information  about  the  system  state  or  the  world 
explored  by  the  mappinr  ensors  with  minimal  perceptual  and  cognitive  ambiguity. 

Figures  11-14.  A  review  of  the  evolution  of  displays,  types  of  displays, 
requirements  established  by  sensor  complements,  and  the  operational  utility  of 
representati ve  sensors. 

Figures  15-18.  Examples  of  real  beam  forward  looking  ground  mapping  radar. 
Taken  from  A-6.  Good  for  landmarks  and  large  fixed  targets. 

Figures  19-20.  Examples  of  high  resolution  synthetic  aperture  radar.  Good 
for  tactical  targets. 

Figure  21.  Example  of  FUR  imagery. 

•[Editor*  note:  The  following  figure*  were  omitted  from  the  proceedings  because 
the  quality  was  too  poor  for  reproduction:  Figures  2-5,  15-21,  24-27  and  29-30.] 
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Figures  22-2 3.  A  display  system  includes  more  than  the  monitor;  slgnifi 
cant  advances  have  been  made  in  processing.  This  permits  greater  flexibility 


in  choice  of  symbols,  graphics,  and  the  processing  of  sensor  imagery. 

Figure  24-26.  Examples  of  current  symbol  sets  for  airborne  use. 

Figures  27-29.  Examples  of  highly  pictorial  computer  graphic  displays  that 
we  may  expect  to  be  available  during  the  next  decade. 

Figure  30.  Example  of  processing  of  sensor  Imaqery  with  a  view  towards 
enhancement . 

Figure  31.  Display  capabilities  for  the  mid  '80's. 

Figure  32.  Self-explanatory. 

Figure  33.  The  basic  visual  function  that  provides  the  basis  for  the 
fol lowing  analyses . 

Figures  34-35.  One  of  the  Issues  for  use  of  the  HUD  is  the  utility  of  the 
device  for  display  of  sensor  video.  These  charts  illustrate  the  analysis. 

Figure  36.  For  a  selected  spatial  frequency  this  shows  how  the  perceivable 
gray  shades  decreases  with  a  decrease  in  adaptation  level.  It  also  shows  why 
it's  hard  to  extract  detailed  information  from  a  display  that  is  dirtmed  down. 

Figure  37.  A  rather  fanciful  but  by  no  means  radically  exaggerated  indi¬ 
cation  of  the  range  of  display  sizes  desirable  for  optimal  operator  performance. 
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FIGURE  9 
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Open  Panel  Discussion  of  Sessions  I,  II  and  III 
Capt  Robert  Verona,  USA,  Moderator 

VERONA:  Yesterday  we  essentially  had  a  mini-symposium  with  presentations 
on  mission/doctrinal  requirements,  system  requi rements ,  and  human  factors. 
This  morninq  we  begin  the  workshop  session  of  the  Workshop  that  we're 
here  for.  The  objective  of  this  session  Is  to  extract  and  discuss  the 
salient  points  from  Sessions  I,  II  and  HI.  and  hopefully,  evolve  a  list 
of  connon  tri-service  display  needs  that  are  driving  the  advanced  display 
requirements.  We're  going  to  be  discussing  several  of  the  comments  made 
yesterday  and  try  to  go  a  little  more  in  depth  into  the  rationale  behind 
them.  Please  keep  your  comments  brief  and  concise  so  that  everyone 
has  an  opportunity  to  provide  an  input  This  will  keep  the  session 
moving  and  will  give  everybody  a  chance  to  participate. 

Does  anybody  object  to  having  this  session  recorded?  They  want 
to  record  so  they  can  transcribe  it  and  give  everybody  a  copy.  Does 
anybody  have  a  particular  objection?  Okay. 

Throughout  the  talks  yesterday  we  heard  several  key  phrases  again 
and  again.  One  of  them  was  workload,  reducing  crew  member  workload. 
Another  one  was  technology  driving  the  requirements.  Another  was 
accelerated  R  &  D.  We  talked  about  worse  case  environments,  talked 
about  long  term  and  short  term  solutions.  And  one  of  the  areas  getting 
back  to  the  real  world  was  reliability,  aval labi 1 i ty .  and  maintainability 
of  all  these  new  displays.  I'd  like  to  take  each  one  of  these  phrases 
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in  order  to  promote  some  discussion  and  put  them  back  to  you.  1  know 
that  Colonel  Patnode  had  some  questions  that  he  did  not  get  a  chance 
to  address  yesterday  and  I  think,  we'll  start  with  him.  Yes,  sir. 

PATNODE:  Was  the  Air  Force  influenced  by  pilot  workload  to  look  at  two- 
seat  versions  of  aircraft  that  originally  had  been  planned  as  single  seat? 
Where's  Dr.  Frick?  You  talked  quite  a  bit  about  one  versus  two  seats. 

I  didn't  hear  any  presentations  that  discussed  the  Impact  of  a  display/ 
pilot  workload  excludinq  the  mission  workload  point  of  view.  Seems  to  me 
tnat  one  seat  was  a  qiven  in  one  case,  and  two  seats  was  a  given  in 
another  case.  Not  enouqh  so  called  thinking,  if  you  will,  about  the 
taskloading  driving  the  number  of  seats  in  one  way  or  another. 

F R I I  don't  think  that  1  could  personally  address  that.  sir.  First 
of  all  we're  not  displays  people.  Our  study  looked  at  the  mission 
requirements  and  then  translated  those  into  certain  tasks  that  the  crew 
had  to  perform.  And  then  lookinq  at  the  system  output,  assuming  certain 
situations,  the  time  lines  were  such  that  the  crew  members  go  to  a  one 
seat  situation  or  go  to  a  two  seat  situation.  They  would  have  to  do 
certain  things  like  looking  at  the  heads  up  display  then  glancing  down 
at  the  heads  down  display,  and  certain  thinqs  were  restrictive  and 
makinq  certain  movements  with  their  hands  and  feet.  Because  of  this, 
there  could  be  certain  situations  where  they  would  have  interference 
with  all  these  factors  workinq  together.  And  therefore,  considering 
the  range  of  weapons,  the  required  ranqes  that  these  weapons  have  to 
be  launched  from,  the  maskinq,  and  so  on,  that  perhaps  it  would  be  betfer 
to  chanqe  certain  tasks  or  to  have  them  automated.  But  as  far  as  the 
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systems  driving  displays  or  the  concepts,  as  you  heard  yesterday  afternoon, 
that  was  beyond  the  scope  of  this  study. 

PATNODE:  Our  specific  interest  in  that  area  Is  that  we  have  a  weapon 
system  where  the  pilot  in  the  back  seat  has  a  flexible  turret,  30  mm, 
he  can  use  with  the  weapon  system  while  the  co-pilot/gunner  is  launching 
the  Hell  fire  missile.  Bob  Verona  knows  about  it.  1  was  wondering  if 
you  had  some  findings  that  might  help  us  better  organize  the  workload 
of  the  pilot,  which  is  pretty  significant  when  he's  trying  to  keep  the 
weapon  system  from  bumping  into  trees  and  running  into  wires.  Our 
problem,  although  we  fly  at  very  slow  speeds  and  sometimes  hovering, 

I  think  from  a  tasking  point  of  view  is  very  similar  to  your  pilot’s 
but  for  different  reasons.  Your  guy  is  moving  "x"  number  of  feet,  that 
only  gives  him  4  or  5  seconds  to  acquire  the  target  and  put  the  auto¬ 
tracker  on  it  or  whatever.  Our  guy  has  more  time  to  do  that  function 
but  he  has  other  problems  to  worry  about. 

FRICK:  More  specifically  we  recomnended  that  the  target  designation 
task,  which  we  defined  as  the  slewing  of  the  cursor  and  so  on  to  the 
target  and  then  designating  that  target  for  weapon  delivery,  be  made 
more  automatic.  And  that  direct  voice  control  and  the  use  of  a  helmet 
mounted  sight  and  either  an  all  heads  up  display  or  heads  down  display 
situation  be  considered  in  the  cockpit.  If  anyone  here  has  any  disagreement 
with  that  or  have  any  thoughts  on  this  matter  I'd  like  to  hear  from  them. 

I'd  like  to  speak  to  you. 

VERONA:  Okay.  So  we're  saying  that  this  goes  back  to,  really,  workload. 
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Are  we  talking  about  new  display  configurations  or  new  display 
technologies?  Going  back  to  the  worklaod,  we  say  we  can  use  an  automatic 
tracker.  That  will  help  alleviate  some  of  his  attention  requirements, 
if  we  have  displays  that  maintain  the  appropriate  contrast  and  brightness 

so  that  he  does  not  have  to  play  with  those  controls.  We  have  an 

automatic  technique  of  updatinq  the  sensor/di spl ay  interface,  if  you  will, 
so  that  the  voltaqe  levels  are  always  at  the  optimum  setting.  If  we 
give  him  a  better,  higher  resolution  display  more  matching  his 
requirements  he  may  not  have  to  strain  as  much  to  pick  out  that  small 
target . 

PATNODE :  The  qut  issue.  Bob,  is  in  the  display  technology  and  th/  stuff 

,  » 

that  backs  that  up.  It  seems  to  me  that  the  only  way  they  can  get  fhere 

from  where  they  are  is  to  do  automatic  image  processing  and  select  targets 

out  of  that  processing  rather  than  have  a  manual  select.  Maybe  he  has 
a  manual  override  which  sees  that  the  system  picks  out  a  critical  target 
that  he  doesn't  want  to  enqaqe .  he  doesn't  have  to  engage  it.  It  seems 
to  me  that  is  a  qiven  in  a  single  seat  attack,  low  altitude.  I'm  not 
talking  about  the  clashes  we've  had  in  the  past. 

kA Y:  Maybe  1  can  address  it  a  little  bit.  Bob.  For  the  F - 1 6 ,  for  the 
advanced  laser  designator  system  that  we're  coming  up  with,  we  were 
integrating  it  with  the  fire  control  system  of  the  F - 1 6  itself.  And 
ideally,  the  F - 1 6  has  a  point  of  interest,  whatever  it  chooses  as  the 
prime  weapon,  be  it  the  radar  or  the  laser  designator  or  the  weapons  or 
the  Nav  system,  whatever,  everything  it  points  to,  you  use  this  point 
of  interest  to  slave  your  other  sensors.  So  your  interdiction-type  target 
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that  will  be  in  the  INS  with  a  point  of  interest  on  the  HUD.  circled, 
with  an  arrow  pointing  at  it  will  point  the  other  sensors  to  it.  The 
advanced  laser  designator  will  undergo  automatic  field-of-view  changes 
and  stuff  like  this,  but  you'll  be  able  to,  when  the  target  is  up  there, 
get  an  indication  that  it  should  be  locked  on  with  a  look  down,  and  the 
crosshairs  are  on  it,  and  there  should  be  automatic  tracking.  We're 
integrating  the  whole  thing  into  the  present  aircraft.  It  should 
indicate  the  target  to  the  pilot,  he  wasn't  going  to  sit  there  and  search 
the  display. 

PATNODE :  On  an  interdiction  mission  I  can  understand  that.  The  big 
problem  is  picking  out  what  the  target  is,  and  doing  it  in  the  matter 
of,  as  with  the  A-10,  F-15,  a  matter  of  4  or  5  seconds  total  exposure 
time.  Find  the  target  in  clutter,  slew  the  sensor  on  to  it,  get  the 
autotracker  indication,  and  hope  that  you  haven't  overflown  it. 

KAY :  We're  doing  some  simulation  in  the  Martin  simulator  with  the  A-10 
aircraft,  a  totally  inteqrated  system  to  find  out,  can  he  do  it.  The 
first  group  of  studies  we  came  up  with,  with  the  HM$  and  HMDs  with  a 
fixed  FOV  and  ATAC  kind  of  sensors  to  really  dufine  what's  going  on. 
(Non-transcribable  segment.)  That's  as  far  as  we've  gone  (non-transcribable) . 
(Non-transcribable  segment  of  about  1  minute  duration.) 

K I NG :  In  the  helicopter  area,  I  guess  we've  looked  at  It  in  the  Navy, 
as  a  two  part  problem.  One  part  I  guess  is  outside  the  real  area  of 
this  conference.  But  the  first  part,  I  guess,  you  solve  first  before 
you  get  into  the  display  area  at  least  for  helicopters,  "How  automated 
are  you  going  to  make  the  flight  control  system?"  That  eases  the  pilot 
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workload  and  now  he  can  spend  more  time  with  the  displays.  Once  you've 
made  that  decision  as  to  how  automated  that  particular  air  vehicle  is 
going  to  be,  then  you  can  work  on  optimizing  your  displays.  But  if  it's 
a  two  part  problem.  It's  interwoven,  especially  with  a  heads  up  or  helmet 
mounted  display  which  is  also  the  primary  flight  control  display  with 
a  lot  of  Navy  aircraft.  But  you  solve  the  electronic  portion  of  the 
flight  control,  the  pilot  can  put  the  plane  on  hover,  just  let  it  sit 
there  on  its  own,  then  he  can  play  around  with  the  weapons,  that's  great. 
But  we  haven't  been  able  to  solve  that  problem  yet  in  the  helicopter 
area. 

(Non-transcr ibable  comments.) 

ANONYMOUS:  You  can  do  it. 

KING  You  can  do  it  but  at  a  high  price.  And  as  program  manager  in  the 
helicopter  area  I'm  willing  to  pay  the  high  price  for  putting  in 
sophisticated  electronic  flight  control  systems. 

Garbled  discussion  by  Colonel  Pa'node  relating  to  question  of 
automated  flight  control  systems.) 

VFR'VjA  we  hearu  another  statement  yesterday  relating  to  the  same  area. 
Priority  in  technology  should  be  in  alleviating  workload  rather  than 
improving  target  acquisition.  Now  we  have  an  example  in  the  "64"  where 
we’ve  got  our  target  acquisition  designation  system.  We've  got  three 
sensors  available.  We've  qot  a  FUR  with  its  two  FOVs;  we've  got  a  direct 
view  sight  system;  and  we  have  a  daytime  TV,  which  qives  the  operator 
many  al ternati ves.  Now  there's  got  to  be  a  thouqht  process  that  goes 
through  that  unless  it  becomes  an  automatic  reflex  which  it  sounds  a 
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little  complicated  right  now  to  be  an  automatic  reflex,  except  through 
long  periods  of  training  on  which  system  to  use  to  do  that  particular 
job.  And  I  think  that's  what  Colonel  Patnode  mentioned  yesterday; 
he  doesn't  think  we  need  three,  probably  two  out  of  three  but  which 
two  out  of  the  three.  And  right  now  they're  all  using  the  same,  well 
not  really  the  same,  type  of  display.  But  you've  got  a  heads  down  display 
where  you  put  your  head  in  the  boot.  Then  you  have  the  heads  down 
display  where  you're  looking  at  just  the  CRT. 

PAT  NODE  With  that  in  mind,  let's  not  mislead  people.  Heads-down  looking 
at  this  very  tiny  CRT  for  the  copilot/gunner  is  a  figment  of  a  bunch  of 
engineers'  imaginations;  they'd  never  fight  a  war  that  way.  Really,  what 
it  is  there  for,  in  my  mind,  is  a  readout  for  the  fault  detection  and 
location  system,  troubleshooting,  and  any  guy,  particularly  at  night,  would 
not  want  that  CRT  illuminated.  So  that's  why  1  put  a  knob  on  it,  so  you 
can  turn  the  brightness  to  zero.  1  think  that's  the  way  most  guys  would 
fly.  Bob.  1  think  we  make  a  fundamental  error  if  we  call  that  thing 
a  heads-down, look-down  type  display.  Because  that  thinq  is  what,  2 S, 

3  inches  diagonal,  it's  too  small  to  use  to  fight  a  war,  even  though  it's 
got  absolutely  beautiful  detail.  1  do  believe  the  display  people  make 
the  contribution  when  they  look  at  more  than  one  sensor  up  on  the  same 
display  which  we  are  doing  at  Martin  and  Northrop.  But  if  you  could  move 
telescope  optics  around  like  you  move  video  around,  you  can  simplify  the 
display.  The  direct  view  optics  is  like  a  camera.  There's  no  way  to 
use  the  same  ’’display''  in  direct  view  optics  as  we  do  with  TV  and  FUR. 


For  TV  and  FL1R  it's  fine,  but  not  for  direct  view  optics. 

VERONA:  But  even  there  you  may  not  be  optimizing  the  display  for  the 
sensor,  from  both  of  those  sensors.  Anybody  else  have  any  conments 
they  want  to  make? 

BURNETTE:  Yeah.  The  one  thing  1  would  hop  on,  1  really  didn't  get 
to  hop  on  but  would  have  is  What  is  the  human  capable  of  in  terms  of 
looking  at  a  display  when  we  provide  that  to  him?'  We  keep  looking 
at  these  things.  Well  what  sensors  do  we  have,  will  the  displays  show 
that  sensor  and  then  we  go  back  the  other  way,  and  it  seems  like  the 
only  improvements  occur  by  accident.  Somebody  gets  a  little  higher 
resolution  in  the  sensor  and  all  of  a  sudden  you  need  a  display  to 
handle  that.  The  fact  is,  if  you  cut  a  hole  through  the  aircraft  and 
look  down  through  it.  you  get  a  lot  better  view  than  you  could  get 
with  a  magnification  of  a  one  video  display,  as  long  as  you've  got 
good  visibility.  And  until  we  tan  provide  that  kind  of  resolution  to 
the  pilot  on  a  heads  down  dipslay,  how  can  we  expect  to  acquire  targets 
using  the  human  as  the  detector  of  the  target.  Now  the  ideas  about 
analyzing  signal  data,  correlating  it.  comparing  (a)  the  radar  says  I 
have  a  target,  the  IP  says  I  have  a  target,  the  LLLTV  says  1  don't,  we 
go  through  a  voting  and  decide  hey  we've  qot  a  target,  we  put  the  target 
on  a  display  big  enough  so  the  guy  can  see  it,  there's  no  question  that 
he  can  see  it,  he  knows  approximately  where  it  is.  That  kind  of  thinq 
basically  doesn't  Involve  the  problems  we're  talking  about  with  video 
displays.  You  can  do  that  on  vectorgraphlcs  and  you  can  do  it  in  a 
lot  lower  light  level  as  far  as  luminance  on  the  display.  You  don't 
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affect  his  dark  adaptation  as  much,  and  on  that  dark  adaptation  thing, 
this  is  now  the  night  version  cf  this  thing,  you're  talking  about  one 
man.  We  have  fantastic  controls  on  everything  in  the  aircraft  except 
for  lighting.  And,  in  terms  of  the  display,  there  s  two  ways  of  looking 
at  that,  when  you're  looking  at  it  for  information,  it's  luminance  and  you're 
looking  at  a  small  area.  When  you're  looking  away  or  not  focused,  it's 
lighting,  and  the  lower  it  is  the  better  dark  adapted  he  is.  The  thing 
is  when  you  go  heads  up,  this  glare/luminance  thing  J  was  talking  about, 
you  should  be  able  with  the  systems  we  have  now  to  detect  if  the  head 
has  gone  head  up  and  turn  down  the  lighting  I  mean,  when  the  guy  goes 
head  up,  if  it's  a  single  seat  now,  I  mean  you  can't  turn  everything  off 
in  the  cockpit  with  another  guy  sitting  there  but  then  that's  a  different 
situation.  But  turn  down  the  lighting,  you  don't  have  that  source  anymore. 

If  you  look  at  the  data  they  adapt  rather  rapidly  from  the  sparse  kind  of 
lighting  thing  you  have  in  a  cockpit.  So  you  do  have  a  chance  of 
getting  relatively  low  levels  if  you  turn  off  the  lighting  in  there  you've 
got  a  chance  of  getting  way  down.  Now  that's  sort  of  an  analysis  thing 
that  I'm  not  capable  of  doing.  I'm  just  throwing  this  out.  I'm  not  saying 
this  is  the  way  to  go  but  it  should  be  considered.  There  are  a  number 
of  other  things  that  you  could  play  around  with  in  the  same  manner. 

ANONYMOUS:  When  you  go  the  other  way  now.  where  you  look  back  in  the 
cockpit,  you  realise  that  the  guy  has  been  looking  out  so  you  bring  the 
light  up  higher  than  what  he  would  normally  have,  and  you  can  gradually 
decrease  it  because  he's  going  to  be  doing  re-search. 

BURNETTE:  When  you're  dark  adapted,  you're  already  set  up  to  the 
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absolute  lowest  luminance.  So  now  you  control  It  at  that  point  and 
then  basically  what  you  need  is  a  computer.  This  is  not  hard  to  keep 
track  of,  you  look  at  what  he's  been  looking  at  for  the  last  five  minutes 
and  you  move  the  luminance  control  of  the  display  in  accordance  with  that. 
VERONA:  We've  got  some  problems  in  that  area  though.  For  example,  in 
our  "64's"  we've  been  going  through  our  CRT  specification  and  night 
acceptance.  We've  qot  an  ultimate  gray  shade  requirement;  so  whenever 
you  go  to  very  low  luminance  levels  you  don't  have  the  necessary  amount 
of  qray  scale  as  measured  by  some  technique. 

BURNETTE:  I  aqree. 

BRINDLE:  Another  thing  to  keep  in  mind,  that  guy  is  doing  this  (moves 
head  about)  he's  not  staring  at  the  display  and  then  glancing  out. 

That  quy's  got  a  lot  of  head  motion,  a  lot  of  short,  choppy  motion  and 
in  many  cases  its  not  only  head  motion  but  eye  motion.  You're  talking 
about  automatical ly  controlling  either  and/or  the  display. 

BURNETTE:  Well  if  he’s  acquiring  the  target,  outside  by  pulling  his 
head  up  and  just  glancing  through  the  atmosphere,  this  basically  is  a  sort 
of  a  problem  because  there  isn't  any  way  you  can  do  anything  about  it. 

The  tarqet  outside  is  either  bright  enough  to  dcquire  undei  . Ty  short 
duration  exposure  or  it's  not.  And  there  is  not  time  for  any  kind  of 
adaptation  in  what  you  Just  described. 

BRINDLE:  Riqht. 

VERONA:  For  the  ranges  we're  talking  about  at  nlqht,  we’re  certainly 
not  talking  about  very  many  visual  target  acquisitions  anyway. 

SCHLAM:  Bob,  I'd  like  to  get  back  to  this  point  of  reducing  operator 


workload  as  opposed  to  optimizing  and  increasing  target  acquisition.  1 
think  it's  an  extremely  critical  and  Important  point.  I'm  a  technologist 
but  I  want  to  make  it  clear,  we  shouldn't  improve  technology  for  the 
sake  of  Improving  technology.  1  wrote  down  a  quote.  I  think  you  said  it.  Bob, 
anyone  could  have  said  it,  "optimize  the  display  for  the  sensor."  You 
don’t  necessarily  want  to  optimize  the  display  for  the  sensor,  you  want  to 
optimize  the  display  for  the  operator  to  use  In  doing  his  job.  Just 
because  your  sensor  gives  you  higher  resolution,  maybe  you  don't  want 
your  sensor  to  be  high  resolution,  because  the  last  thing  you  want  to  do 
is  concentrate  on  optimizing  the  display  for  the  sensor.  1  think  this 
question  of  automation,  and  information  processing  is  a  very  important 
concept  and  again,  do  the  things  for  the  operator,  it  has  nothing  to 
do  with  sensor/display  optimization. 

VERONA:  Elliott,  as  a  good  example  of  that,  in  our  FUR  imagery,  if 
we're  looking  for  hot  targets,  looking  for  a  tank  out  there,  we  may  not 
want  to  see  all  of  the  other  little  nitty  gritty  details  until  we're 
ready  to  identify  it.  We  want  to  pick  it  up  first,  we  don't  necessarily 
want  all  that  information,  all  of  the  trees  and  all  of  that.  We  want  to 
see  that  br-'ght  spot  as  we  standby  and  have  it  jump  out  at  us.  and  then 
you  can  go  out  and. . . 

SCHLAM:  Instead  of  adding  information,  let's  reduce  information  to  just 

the  critical  information. 

KAY:  Going  alonq  those  same  lines,  in  PAVE  TACK,  the  displays,  you're 
ta’kinq  about  the  same  thlnq.  You've  got  two  CRTs  used  for  telemetry, 
the  weapons,  the  radar  and  the  FLIR.  And  every  time  you  flip  those 


things,  they  require  readjustment .  (rest  non-transcribable. ) 

ARMSTRONG:  Yeah,  I  want  to  come  back  to  that.  Somebody  mentioned  the 
contrast/brightness  control  earlier.  We  recently  had  a  meeting  with 
General  Dynamics  and  invited  one  of  the  local  test  pilots.  The  meeting 
was  with  regard  to  the  laser  designator  interface.  One  of  the  greatest  things 
that  cane  out  of  that  meeting,  that  the  test  pilot  thought  of  was  with 
regard  to  switching.  The  problem  of  switching  back  and  forth  between 
the  radars  and  the  pod  and  each  time  having  to  adjust  the  brightness 
and  contrast.  That's  a  problem  we  haven't  solved  yet. 

FRICK:  That's  part  of  workload  and  I  think  part  of  the  workload  problem. 
SCHLAM:  (First  part  non- transcribabl e )... that ' s  a  problem  that's  double, 
that  doesn't  imply  any  technology  breakthrough  by  and  large. 

(Non-transcribable  segment.) 

VERONA:  Were  implementing  some  of  that,  that  takes  care  of  qain  and 
level  at  the  sensor  supposedly  to  maintain  some  uniform  optics.  Now 
both  of  our  associates  are  using  different  techniques  in  setting  up  the 
display  so  that  you  always  have  the  right  amount  of  video  and 
unfortunately  we  get  into  a  competition  sensitive  area. 

ANONYMOUS:  I  think  that  the  problem  you  have  is  that  in  the  radar  mode 

they  like  the  display  brighter  than  when  they  are  in  a  FLIR  mode.  (Rest 
non-transcribabl e. ) 

KING  On  the  F-18.  when  we  gave  the  pilots  the  option  to  put  the  whole 
cockpit  on  the  same  ambient  level,  displays,  indicators,  etc.,  they  did 
not  want  that.  They  wanted  the  automation  of  where  everything  would  go 
to  certain  levels  but  they  also  wanted  the  option  to  be  able  to  push 


one  display  up  and  one  down,  especially  when  we  had  radar  on  one  display 
and  FUR  on  the  other.  They  preferred  to  make  one  brighter,  1  guess, 
as  a  primary  display  they  wanted  to  look  at  in  detail  and  they  wanted  to 
have  the  other  one  a  little  dimmer.  They  wanted  that  option. 

BURNETTE:  Right,  with  one  point.  On  the  existing,  multiexisting  CRT 
systems  that  I've  seen.  I've  curved  their  emitted  luminance  which  gives 
essentially  along  one  of  those  curves  a  curve  of  constant  legibility. 

And  that  does  come  out,  it  appears  to  me,  to  be  the  same  thing  ostensibly 
when  you  take  people  in  and  show  them  something  controlled  in  this  manner 
and  you  turn  off  the  lights.  They  say,  hey,  it  hasn't  changed,  maybe 
there's  something  wrong  with  it,  it  should  be  brighter  now.  But  the 
point  is  that  our  present  controls  on  CRTs  do  not  do  a  good  job  of  control. 
If  it  has  an  automatic  luminance  control,  it  almost  never  controls  to 
give  the  pilot  even  close  to  the  same  legibility  over  a  factor  of  like 
100  range  of  background.  Okay,  that's  an  important  aspect  of  it.  You 
have  some  people  coming  to  the  conclusion  that  you  don't  need  it.  Part 
of  that  conclusion  comes  from  the  fact  that  you  can  tolerate  a  huge 
amount  of  luminance  variation  in  the  daytime  for  instance,  and  you  just 
let  it  go  away  at  night  and  you  actually  have  lower  legibility.  What  I 
think  we're  talking  about  here,  in  terms  of  especially  dark  adaptation, 
is  that  you  want  It  as  low  as  you  can  get  it.  I  grant  the  gray  shades  I 
was  talking  about  yesterday,  you  have  to  use  a  much  higher  peak  brightness, 
then  you've  got  a  good  gray  shade  display.  But  how  many  video  displays 
is  he  going  to  be  looking  at  simultaneously  because  the  rest  of  the 
cockpit  can  be.  ’ike  for  normal  flight  control,  a  lot  dimmer.  In  fact 


each  of  this  different  size,  the  goal  is  we've  found,  not  to  get  uniform 
luminance  throughout  the  cockpit  it's  uniform  legibility,  and  if  you 
have  a  very  small  dial  and  a  very  small  number  it  might  have  to  be  a  little 
bit  brighter  to  get  it  in  the  eye.  Anyway,  all  these  kinds  of  things  have 

to  be  factored  in.  But  1  think  you  have  the  information  to  do  that.  No 

incentive,  no  one's  even  thought  about  doing  it  with,  in  a  systematic 
approach  with  the  money  there  to  do  it  though  the  companies  can  naturally 
have  it  done.  And  we've  found  in  just  going  from  a  standard  GFE  cockpit 
which  generally  has  a  huge  variation  in  the  lighting  levels  from  something 

that  was  fairly  uniform,  we've  got  a  tremendous  improvement  in  the  ability 

of  the  guy  to  look  out  and  see  the  target. 

(END  OF  TAPE) 

WARUSZEWSKT  (First  part  not  recorded )... We  have  asked  for  a  10’ 
uniformity  within  a  given  mode,  but  also  when  you  switch  modes,  radar 
to  FUR  or  whatever,  the  brightness  shall  not  change  by  more  than  lOt. 

So  you  can  sort  of  fine  tune  your  displays  as  far  as  the  inputs  and  put 
limiting  resistances  or  whatever  you  have  to  tune  your  sensors  to  the 
display  so  you  don't  get  a  change  when  you  qo  from  one  mode  to  another 
by  more  than  10«. 

VERONA:  Well  this  pretty  much  goes  into  the  systems  approach.  If  we 
do  get  a  good  system's  integrator  that  looks  at  the  whole  package,  then 
you're  a  little  more  than  likely  to  get  a  better  system.  As  we  switch 
from  video,  you  don't  have  that  on  your  conmerclal  TV  and  we  shouldn't 
expect  it  on  our  high  cost  avionics.  The  sound  may  be  a  bit  louder  on 
your  commercials  at  home  and  your  color  may  be  just  a  little  different 


but  certainly  you  don't  get  any  big  flashes  at  you  that  you  have  to  get 


up  and  adjust  the  brightness  and  contrast  controllers.  That's  taken 
care  of,  you  should  have  it  taken  care  of. 

ANONYMOUS:  I  don't  think  you  want  an  automatic  control.  1  think  you 
want  the  operator  to  be  able  to  set  it  where  he  wants  it  and  then  leave 
it  alone. 

BURNETTE:  Right,  thereafter  it's  controlled  automatically. 

ANONYMOUS:  When  you  go  from  FLIR  to  radar,  how  much  do  you  want  that 
to  be  within? 

ANONYMOUS:  It  should  be  within  10?  of  what  he  sets  up.  that's  what  he 
said,  right? 

VERONA:  But  what  he  sets  up  may  not  give  you  optimum  performance, 

I  think. 

SNYDER:  I  appreciate  the  logic  for  each  pilot  wanting  to  set  his  own 
pedastal  and  we  all  do  it  with  our  home  TV  and  everything  else.  But  if 
there's  one  thing  we've  learned  over  the  years,  it  is  the  fact  that 
there  is  a  right  setting  for  such  things  for  a  given  job.  The  last 
thinq  you  want  to  do  is  have  those  controls  out  there  in  the  cockpit. 

There's  a  study  from  1954  that  shows  that  once  you  optimize  brightness 
and  gain  of  the  display  and  leave  it  alone,  the  pilots  will  in  fact  do 
better  than  if  you  let  them  fudge  with  it.  And  there's  absolutely  no 
reason  for  each  pilot  to  select  his  own  unless  he's  got  an  abnormal  eyeball. 
OHLENBERGER:  Not  only  that,  you've  got  too  many  variables  it  appears 
to  me.  You're  talking  about  the  ambient  light  on  the  outside,  changes  in 
optics,  switching  from  day,  day  or  night,  you  have  too  many  variables, 
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I  don't  see  how  the  heck  you'll  ever  do  it.  When  you  try  to  do  it 
automatical ly  you  have  to  do  it  according  to  that  individual  or  give  him 
a  bunch  of  knobs.  We've  got  too  many  knobs  in  the  cockpit  the  way  it  is 
SNYDER:  The  sad  fact  of  the  matter  is,  with  a  normal  CRT  display  where 
you  have  so  called  brightness  and  contrast  control,  there  Is  one 
combination  of  those  two  controls  which  gives  you  the  most  uniform 
sinusoid,  that  is,  the  best  gray  scale  rendition.  Anything  other  than 
that  unique  combination  results  in  degradation  in  the  system.  To  give  a 
guy  two  controls  which  necessarily  are  interactive  and  ask  him  to  find 
what  he  believes  to  be  optimal  because  he  is  a  perfect  pattern  analyzer 
absurd.  You  are  much  better  off  i (  you  can  determine  what  is  optimum 
beforehand . 

OHLENBERGER  Another  thing  you  might  get  into  is  the  fact  that  you  may 
have  a  backup  system  in  the  cockpit,  say  as  an  example  the  night  vision 
goggles.  Now.  I've  worked  somewhat  with  that  system  and  it’s  a  real 
bear.  Apparently  the  CRT  does  not  in  some  way  permit  you  to  turn  the 
gain  down  enough,  so  you  have  to  use  a  compensation  device,  if  you  will. 
SNYDER:  But  that  can  be  automated  much  better. 

OHLENBFRGER:  Wnat  I’m  saying  is  that  you  may  have  to  have  two  settings. 
SNYDER:  True.  Apparently  you  have  to  have  a  multiple  setting  number 
depending  on  ambient  lighting.  However,  once  you  determine  what  those 
settinqs  should  be,  they  should  be  automated  and  not  subject  to  pilot 
control . 

WARUSZEWSk I :  How  much  do  you  want  to  reduce  the  reliability  of  those 
displays  by  putting  in  all  that  automation? 


SNYDER:  Gee,  if  you  can't  build  a  reliable  AGC  circuit  we’re  in  deep 
trouble. 

ANONYMOUS:  The  contractors  say  it  costs  a  lot  more  money  to  increase 
rel iabil ity. 

VERONA:  Okay,  Dr.  Frick. 

FRICK:  That  brings  up  another  point.  Speaking  as  a  layman  in  displays, 
it  seems  to  me  the  purpose  of  displays  is  to  enable  someone  to  make  a 
decision.  In  our  place,  we  think  in  terms  mainly  of  FOV,  and  what's 
within  the  FOV  and  being  able  to  have  enough  information  on  the  target 
that  you  can  make  a  decision  on  whether  to  deliver  the  weapon  or  not. 

You  know  that  brings  to  mind,  what  about  automatic  pattern  recognition? 

I  haven't  heard  anyone  talk  on  that  yet.  Is  there  much  work  being  done 
on  that?  In  other  words  if  you  can  take  that  part  of  the  decision  making 
process  away  from  the  pilot,  you  know  that  would  help. 

VERONA;  That  essentially  gets  you  into  another  arm  of  the  Tri  Service 
Night  Vision  Technoloav  Panel . 

SCHLAM:  Halt  a  minute.  I  don’t  think  that's  another  arm  at  all.  I 
think  that's  one  of  the  main  things  we're  talking  about  here.  Again, 

I  think,  as  I  mentioned  the  day  before,  don’t  make  your  displays  better 
but  make  your  system  better  And,  if  making  your  system  better  means 
putting  certain  automatic  features  in  it,  be  it  character  recognition  or 
what  have  you,  certain  things  are  doable,  they  may  be  hard  but  they're 
doable.  We  might  be  able  to  recommend  that  this  Is  the  type  of  thing  that 
should  be  looked  into  as  far  as  pilot  workload  Is  concerned.  Rather  than 
blame  the  displays  for  the  pilot  being  overloaded,  maybe  it's  the  system. 
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This  question  of  system  integration  is  extremely  important;  you  have  to 
tie  the  whole  system  together  and  part  of  that  system  is  the  processor. 

Maybe  the  problem  is  in  that  processor,  not  in  the  sensor  and  not  in  the 

display  or  somewhere  else. 

HAKE:  That's  right,  Elliott.  When  we  talk  about  the  Second  Gen  FLIRs  this 
afternoon,  that  type  of  work  is  being  done  particularly  in  the  Army's  ATAC 
program.  They  are  developing  an  autocuer  and  the  Air  Force  has  an 
autocuer,  autoprocessing  programs  that  are  either  ongoing  or  getting  started 
to  try  to  automate  a  lot  of  this  stuff;  to  help  select  out  the  wheat  *rom 
the  chaff  and  present  that  type  of  information  on  the  display  so  the 
operator  doesn't  have  to  do  all  this  by  himself.  It  may  be  part  of  the 
solution. 

ANONYMOUS:  Who's  doinq  that  work? 

HAKE:  Well  we're  doing  some  of  the  work  at  the  Avionics  Laboratory  and 
the  Sight  Vi  .ion  Lab  is  doing  autocuing  work  as  part  of  their  ATAC  contract. 
SCHLAM  You  know  things  like  that  may  be  hard  but  they're  doable.  We 
have  integrated  circuit  technology,  by  and  large,  to  do  all  kinds  of  things 
like  that.  It  just  takes  time. 

B'JRNETTE:  Well  the  pattern  recognition  problem,  electronic  pattern 
recognition  problem,  is  still  a  frontier  area  too.  And  the  real  question 
here  is  Mow  dependable  is  our  analysis?"  let's  say  it's  based  on 
multisensor  data.  I  don't  think  you  want  to  simply  impose  that  on  a  CRT, 
you  have  to  analyze  it  and  then  give  the  guy  something  he  can  see.  That 
gets  rid  of  the  basic  problem  that  we  have  but  that  is  a  very  tricky 
problem  still  at  this  point.  We  have  a  large  handle  on  the  theory  for 
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how  you  go  about  it.  There's  an  awful  lot  of  work,  I  think,  still 
necessary  to  say  that  this  is  something  you  can  put  in  an  engineering 
development  program.  Obviously  we're  ready  to  start  looking  at  that 
sort  of  thing  but  the  probability  of  detecting  a  target  is  a  question 
that,  in  an  operational  setting,  you're  worried  about  the  kill  ratio, 
whether  or  not  you're  picking  it  up  or  you're  seeing  all  of  the  targets. 
The  big  question  I  guess  that  I'd  like  to  address  to  this  group  is  I've 
heard  some  people  say  "Hey,  I've  got  to  be  able  to  see  it  on  the  display" 
and  then  others  view  the  situation  like  the  Navy.  Colombo  talked  about 
looking  out  for  100  miles,  and  happily,  he  was  doing  it  with  sensors 
and  picking  up  targets.  Now  he  had  an  air  or  atmosphere  background  there. 
Now  on  the  ground  it's  a  different  story,  a  lot  more  noise.  It's  a 
question  of  whether  or  not  he  can  reliably  pick  up  the  target.  Certainly 
that's  what  we're  shooting  for  but  which  way  are  we  going  to  go?  Are 
we  going  to  throw  away  information  we  have  to  make  a  decision,  are  we 
going  both  ways  for  a  while  here?  If  we're  going  to  go  both  ways,  thei. 
we  need  better  displays  and  better  sensors,  I  think.  Now  that's  a  point 
of  discussion,  I  mean  others  wouldn't  think  so  maybe. 

VERONA:  Keith,  remember  we've  got  a  lot  of  sources  driving  displays  and 
some  of  these  have  been  pretty  much  directed  at  target  acquisition  and 
possibly  weapon  delivery.  But  what  about  our  navigation  and  pilotage 

tasks? 

FRICK:  Navigation  still  may  depend  on  target  acquisition  because  in 
order  to  very  precisely  naviqate  a  DNE  or  something  like  that  it 
assumes  that  you  know  beforehand  where  you  are  going.  So  therefore  you 


have  to  acquire  the  target  first. 

VERONA:  Okay,  but  1  guess  I'm  talking  more  from  the  Army’s  standpoint 
where  you're  using  your  map.  It's  a  map  display  and  you're  going  between 
the  outside  world  and  your  map.  You're  in  a  night  time  environment. 

You  also  need  a  wide  FOV,  you've  got  to  match  the  outside  world  with 
your  map,  whether  you  use  a  Doppler  or  another  navigation  system.  You 
still  nave  to  nave  an  outside  reference. 

HOFFMAN:  Bob,  I  think  the  questions's  fair,  and  it  nets  back  to  the  navi¬ 
gation  problem.  In  target  acquisition,  do  you  in  fact  need  to  see  that  target 
or  in  fact  do  you  generate  it  via  an  autocuer?  Well  it  hasn't  been 
implemented,  we’ve  been  using  it  for  years  for  short  term  work.  We  do 
a  lot  of  comparisons  and  go  ahead  and  digitize  and  do  a  lot  of  things 
to  it.  T ne  question  is,  do  we  need  to  see  a  target  or  do  you  generate 
one  on  the  display  and  say,  hey  this  is  what  you've  got.  We've  done 
this  against  FUR,  we've  done  it  against  radar,  we've  done  all  the 
comparisons,  we  say  yes  you've  got  a  deuce,  and  put  one  up.  If  in 
‘act  you  'e  going  to  use  your  sensor  for  target  acquisition  and  also 
.,se  it  to  effect  the  system's  navigation  where  you  actually  need  to  see 
toe  imagery ,  it  seems  fair  that  you  might  want  to  address,  do  you  want  to 
go  into  this  autocuing  business  and  actually  put  the  targets  up.  It's 
experience,  anytime  you  start  talking  about,  sayinq  you're  goinq  fo 
automate  the  sensor,  that  darn  processor  is  going  to  have  a  lot  of 
different  aspects,  a  lot  of  different  ways  of  looking  at  it  and... 

VERONA;  Bucks  go  up. 

HOFFMAN:  That's  right,  bucks  go  up.  It’s  very  expensive. 
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SCHLAM:  I'd  like  to  go  along  with  that  thought.  On  radar  systems 
we've  been  doing  that  for  a  long  time  and  why  can't  we  do  it  in 
electronic  systems?  In  many  cases  you  process  the  raw  radar  and  put  it 
up  on  the  screen  in  a  very  palatable  way.  You  don't  always  have  just 
blips  and  there's  no  reason  why  we  shouldn't  do  a  similar  type  of  thing 
with  our  electro-optical  sensor  systems.  The  only  thing  is  now  you're 
going  to  a  daytime  situation  where  we  don't  have  radar.  In  the  Army 
you're  in  the  daytime  situation  where  you  want  to  go  for  feature  extraction 
and  now  you're  going  to  use  some  edge  technology  and  the  guy  goes 
di izy  watching  it.  1  think,  the  worse  case  is  the  nonmoving  target.  Maybe 
the  decision  making  processing  should  be  made  by  a  machine  not  a  man. 

Look  at  Air  Defense,  Air  Traffic  Control  systems;  it's  all  artificial  but 
it  tells  the  guy  what  he  wants  to  know. 

HOFFMAN:  I'm  saying  the  system  breaks  down  in  the  worse  case  situation, 

in  all  cases. 

PATNODE.:  But  even  if  you're  moving  against  a  stationary  target,  you 
still  have  motion,  it  may  not  be  the  deqree  of  motion  that  you  normally 
have  in  your  system. 

(Non-transcribable  segment.) 

MYSING:  I  think  you  have  to  put  automation  in  perspective  to  the  timing 
of  your  requirements.  I  don't  think  that  the  state-of-the-art  is  such 
that  you  can  release  a  weapon  automat ical ly  and  anticipate  the  accuracy 
for  that  here.  I  think  we  can  speculate  about  that  for  some  time  before 
you  have  accuracy  such  that  the  doctrine  will  say.  "Yeah,  you  go  ahead 
and  release  a  weapon  on  that  target."  It  will  be  an  aid  to  you.  yeah. 
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blit  let's  not  try  to  pass  the  problem  to  another  group  totally. 

FRICK:  Maybe  an  analogy  would  be  that  you're  looking  at  the  whole  sky 
but  you're  interested  in  looking  at  a  particular  constellation  or  group 
of  stars.  If  you  could  have  something  to  automatically  track  that  telescope 
on  that  part  of  the  sky  to  look  at,  then  start  searching,  and  even  then, 

I  don't  know  why  you  have  to  have  the  exact  energy,  in  all  cases,  maybe 
a  fascimile  would  do  as  far  as  plotting  it. 

HAKE •  Kind  of  along  that  line,  you  might  have  a  cuer,  and  perhaps  you 
car  t  ;-ut  a  cross  on  the  tarqet  but  mayhe  you  can  point  out  a  couple  of 
areas  where  you  can  room  In  on  it  and  use  that  high  resolution  to  present 
it  on  the  display. 

VEROVA:  For  a  FUR  you  see  a  hiqh  delta  T  out  there,  you  look  at  that 
delta  T. 


9  RNETTE  And  then  in  terms  of  this  thouqht  process,  the  matter  of  image 
quality  on  the  Msplay  deterr  mes  what  the  actual  range  for  a  certain 
FOV  is.  ’hat’s  really  what  the  relationship  is.  You  don't  qet  a  pro¬ 
portionately  larger  range  when  you  get  a  proportionate  increase  in  image 
quality,  as  pointed  out  by  Dr.  Snyder  yesterday,  but  you  do  get  an 
increase  and  that  s  what  you're  really  talking  about.  Suppose  I’m  at 
some  distance,  now  qiven  that  distance  and  a  certain  FOV,  what  can  I  see 
if  I  look  out  with  my  eyes  and  I  have  clear  visibility.  I  can  see  very, 
very  good  compared  with  a  head  down  display.  But  the  question  is.  "Just 
how  good  does  that  have  to  be7",  assuminq  that  you're  going  to  detect  it 
and  identify  It  on  the  display. 

VERONA:  Colonel  Patnode. 


266 


PATNODE:  In  the  helicopter  cockpit,  we  in  the  Army,  have  to  sort  out 
between  tanks  the  difference  between  an  M60  and  an  XM1 ,  a  T62  and  a  T7 2, 
etc.  And  although  I  have  had  a  lot  of  tiffs  with  my  guys  who  are  working 
on  this  autocueing  business,  and  the  characteristics  of  target  signatures 
associated  with  a  particular  target,  a  lot  of  that  looks  very  promising 
and  I  see  support  for  this  sort  of  thing  due  to  the  growth  in  digital  pro¬ 
cessing.  When  combatants  start  using  each  others  equipment  on  the  battle¬ 
field,  one  needs  more  than  target  signatures.  So  I  get  down  to  that  zero 
point.  Do  you  have  to  see  the  target  versus  can  you  take  a  symbology 
representation  of  the  target  and  operate  with  that.  I'm  saying  guys, 
that's  a  tough  nut  to  crack  and  we  ought  not  to  launch  into  that  one  too 
fast  because  you'll  liable  to  get  into  an  arena  where  you're  going  to  need 
optics  to  get  you  that  detail.  The  enemy  tank  operator  wouldn't  have  to 
be  too  smart  to  dope  out  the  intelligence  network  to  see  if  someone  had  an  edge 
tracker  set  up  for  a  T6<?.  He  could  take  a  piece  of  angle  iron  and  weld 
it  to  the  aft  deck  running  it  up  at  a  30°  angle  to  the  turret,  where  it 
wouldn't  hurt  anything.  He  would  change  his  whole  profile  and  drive  those 
smart  Americans  with  their  automatic  processing  up  the  wall.  If  you're 
going  to  have  something  that  automated,  it  ought  to  be  automated  and  kind 
of  like  spook  proof.  Those  kinds  of  considerations  have  to  be  looked  at. 

Can  you  work  with  symbology  and  target  engagements  or  do  you  have  to  see 
something--a  real  live  conventional  target?  That  brings  me  back  to  my 
direct  view  optics.  I  don't  think  any  attack  helicopter  pilot  will  search 
in  daytime  with  direct  view  optics.  My  belief  is  he  will  use  the  FLIR 
to  find  the  area  of  Interest  and  then  he  will  switch  to  direct  view 


optics  or  TV  until  he  gets  the  best  representation .  Now,  if  you  want  to 
address  another  display  problem  which  the  other  sensors  don't  have,  "how 
do  you  autotrack  a  direct  view  optics  scene." 

VERONA:  Gil,  do  you  have  a  solution  to  that  problem? 

KUPLRMAh :  I  just  wanted  to  lend  some  stress  on  the  rules  of  engagement 
for  any  of  these  systems  because  you  may  be  able  to  go  with  a  purely  sym¬ 
bolic  representation  and  with  an  autocuer  under  some  scenarios.  In  other 
ases,  you  ve  got  tc  hav  direct,  positive  visual  confirmation  and  those 
are  orders  of  magnitude  apart  in  terms  of  what  information  has  to  be 
brought  to  the  operator. 

OH  t  £  SB  E  RGE  R  w  w  ,ld  ,  u  work.  In  ,ome  area.,  say  like  the  first  echelon 

where  *  r  •••.r  pie ,  .  ,  re  -«•.  ’  worried  about  whether  you’re  mixed  up  with 

friendly  equipment  r  ener  ,  »•  juip'ient  Maybe  you  re  able  to  get  by  with 
iing  in  ’hi  area  t.,t  *'  cn  you  'art  working  here,  like  we're  working 
in  the  Arm,,  the  kirl  ...  f  ‘a  t  ovtng  environment  we're  talking  about,  you 
ca'  very  well  ee  you're  going  to  have  many,  many  cases  where  you're  going 
to  be  mixed  up  with  American,  Soviet,  and  allied  equipment  all  in  the 
same  area  and  we've  got  to  have  positive  ID.  That’s  all  you  need  is  to 
be  out  there  with  Hellfire  missiles  and  kill  your  own  tank,  and  you  get 
unfriendly  in  a  hurry... 

fUPEuMA*t  You  ve  got  '»  number  of  seconds  to  do  it. 

OMIENBERGER  That  ,  right,  so  you  got  to  make  sure  that  that  is  positive. 
Like  the  Colonel  said,  you  got  the  situation  there  where  you  have  to  make 
sure  that  y  i  can  t  be  spooft  1.  Another  thing  you  don't  want  them  to 
have  S  tanks  out  there  and  spoof  you  with  paper  profiles  and  little  IR 
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generators  and  make  you  believe  they've  got  a  100  tanks  out  there  either. 
All  you're  doing  is  waiting  a  Hellfire  missile  on  a  piece  of  cardboard; 
you  can't  afford  that  either.  So  you've  got  to  be  sure.  I'm  not  sure 
what  the  answer  to  that  is  but  I  don't  think  it’s  putting  a  symbol  on  a 
screen  for  you  and  then  saying  “That’s  a  tank.  ' 

SIWECKI:  l  think  both  of  the  guys  are  right,  it  just  depends  on  what 
type  of  mission  you're  talking  about.  If  you're  talking  about  a  single 
seat  F-16,  he's  going  to  need  all  the  help  he  can  get,  he  may  have  to  have 
symbology,  you  know,  rather  than  a  raster  or  whatever.  But  when  you've 
got  two  guys  in  a  helicopter,  you've  got  a  better  chance.  There  may 
not  be  that  kind  of  problem... 

OHLENBERGER:  Wait  a  minute  Put  yourself  in  a  tank  on  the  ground. 

You  don't  care  whether  it's  an  F-16  or  attack  helicopter;  if  either  one 
of  them  can  kill  you  we've  got  something  wrong.  I  don't  care  if  there's 
only  one  guy  in  the  cockpit,  that  doesn't  give  him  the  right  to  go  out 
and  kill  friendly  targets.  It's  as  simple  as  that. 

REISING:  Your  point  goes  back  to  what  this  qentleman  said.  If  it's  an 
interdiction  mission  and  you're  beyond  the  FEBA.  let's  say.  in  the  second 
echelon,  he  can  hit  any  tank  he  wants  and  it  won't  hurt  anybody. 
OHIENBERGER:  In  most  cases  that's  fine. 

REISING:  But  suppose  there  is  support  like  there  is  at  „und  the  FEBA. 
same  as  it  always  is. 

HOFF HAN :  I  think  then  it's  a  real  question  of  how  much  autocuing  and  all 
that  really  gives  you  in  a  fast  moving  environment,  pick  out  a  target  with 
the  FLIR,  get  a  big  blip,  and  go  in.  How  much  is  really  there? 
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OHLENBERGER:  Now  there's  another  situation  related  to  the  second  echelon. 
How  many  times  do  you  want  to  kill  a  tank?  You  know,  the  tank  is  already 
dead  and  you  don't  want  to  waste  more  ordnance  on  him. 

FRICK:  He  may  have  that  problem  anyway,  even  with  an  autocuer. 
OHLENBERGER:  feah,  that's  true  but  what  I'm  saying  is  that  with  technology 
and  that  sort  of  thing,  you're  going  to  have  to  work  the  problem. 

VtRONA:  Elliott,  you  have  something? 

SCHLAM  Yean.  1  was  working  on  a  proposal  and  the  decision  on  who  to  fire 
it  on,  in  the  Patriot  system  they  went  to  a  completely  automatic  system 
and  the  Air  Force  people  objected  strongly  for  the  very  same  reasons.  The 
guy  drives  for  a  target,  puts  a  symbol  out  there  and  fires  on  that  symbol, 
but  on  the  other  hand  you  can't  deny  that  if  you've  got  optics  you  can 
see  it  better.  «hen  you're  up  there  in  a  helicopter  there  has  to  be  some 
system  defined  where  you  use  automation  wherever  you  can  but  not  taking  the 
decision  away  from  the  operator  and  make  him  do  something  that  he  doesn't 
want  to  do.  There  has  to  be  a  better  way. 

OHLENBERGER  Okay.  And  then  also,  you  know,  you  may  be  going  to  the  point 
where  you  work  the  pilot  out  of  the  cockpit  also,  if  you  understand 
what  I'm  saying,  you've  got  to  watch  yourself. 

P AT N  iDE  We're  getting  back  to  the  historical  argument  about  the  old 

autopilot,  pilot  in  the  loop  versus  pilot  out  of  the  loop.  In  a  weapon 
system  I  think  combatant  doesn't  want  to  be  out  of  the  loop.  Our  position 
in  the  Advanced  Attack  Helicopter  is  that  you  do  not  want  to  take  the 
combatant  totally  out  of  the  loop. 

ANONYMOUS:  You've  got  to  have  some  automation  but  you've  got  to  have  that 
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man  making  the  final  decision. 

HAKE-  Well  our  problem  is.  all  pilots  no  matter  what  service  they’re 
in.  civilian  pilots,  whatever,  nave  a  certain  amount  of  macho  that  they 
perceive  with  manipulating  controls,  flying  that  plane  and  so  forth. 
PATNODE:  You  automate  as  much  as  you  can  of  the  functions  that  are 
supportive  of  the  pilot's  decision  making  process.  And  then  let  them 
put  their  mind  to  weapon  delivery  mode  and  work  that  mode.  1  don't  think 
anyone  wants  to  replace  a  pilot  or  a  copi lot/gunner  or  a  weapons  control 
officer  with  a  microprocessor,  when  deciding  what  kind  of  displays  we 
ought  to  use.  In  fact  that's  a  different  problem  because  you  don’t  have 
a  bunch  of  these  other  problems  as  far  as  working  the  environment, 
signa’ -to-noise  ratio,  and  all  'hat  stuff  that  comes  from  the  ground. 
MULLEY:  There's  an  interesting  thing  going  on  and  we're  dealing  with 
this  because  of  the  diffraction  optics  in  the  HUD.  Because  of  the 
technology  in  this  area  they  are  putting  a  FLIP  directly  on  the  HUD  even 
during  the  daytime.  I  think  it's  interesting  what  they've  done.  They 
put  the  f c I R  at  the  bottom  half  of  the  screen  and  they  can  detect  targets, 
a  symbol  through  the  ambient.  And  not  only  does  he  see  the  EUR  image 
but  he  can  also  look  out  and  see  where  that  target  Is  now.  Comparison, 
now  he  makes  the  decision. .. (rest  non-transcr i babl e ) . 

BURNETTE'  that  tank  situation  discussed  parlier  would  be  greatly  enhanced 
If  at  long  range  you  are  able  to  put  circles  around  what  are  tanks  and 
now  as  vou  come  in,  you  can  start  possibly  zooming  sensors  to  find  out, 
hey.  which  one  is  it  that  I  want  to  hit.  Your  zoom  capability  is  fantastic 
if  you  know  where  the  potential  target  is.  and  only  in  that  case.  You've 
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got  to  know  where  you're  going  to  be  looking  with  it. 

(Non-transcribable  segment  by  Colonel  Ohlenberger.  ) 

VERONA-  What  about  these  pilotage-type  displays,  as  far  as  the  new 
technology  that  now  exists?  Has  the  Air  Force  requirements  for  a  pilotage 

system? 

WARUSZWESKI  I've  got  something  on  pilot  safety.  We're  going  into 
electronic  displays,  especially  HUDs.  I  think  the  HUD  will  be  his  primary 
flight  instrument  of  the  future.  Actually  we're  already  using  them  as  the 
primary  flight  instrument  in  some  airplanes.  There  have  been  cases  where 
the  information  on  those  displays,  be  it  E AD I  or  HUP,  or  whatever,  have 
been  in  error  and  not  notified  to  the  pilot.  And  we  may  have  lost  a 
very  expensive  airplane  in  Germany  not  tro  long  aqo  due  to  that  case,  at 
least  it  was  cited  as  one  of  the  reasons.  Many  of  our  pilots  that  are 
being  trained  now  are  being  trained  to  use  the  HUD  as  the  primary  instrument. 
And  out  of  a  pilot  survey,  I  think  it  was  something  like  15  pilots  out 
of  TO  said  they  used  the  HUD  as  their  primary  instrument.  Another  7  of 
that  IS  said  if  anything  happens  in  that  airplane,  the  first  instrument 
they  look  at  is  the  HUP.  So  I  think  we  ought  to  be  a  little  more 
coni erned  with  what  they  are  puttinq  up  on  the  HUP  or  any  electronic  display 
for  pilo’.ige  of  the  airplane  and  make  sure  that  that  information  is 
reliable,  its  been  sensed  and  failure  monitored  continuously  all  the  way 
from  the  sensor  to  the  display.  When  it  does  fail,  sense  it. 

WARuSZEWSkI  (first  part  non-transcribable) ...  That  means  that  you  pull 
up  at  a  certain  angle,  roll  off  at  a  certain  angle,  and  try  to  get  away 
from  your  buddies  in  the  f  rmation.  Everybody  does  that,  breakaway.  And 
if  the  HUP  had  failed,  like  we  had  it  fail  in  flight  test  one  time,  the 
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director  information  freezes  and  doesn't  tel)  the  pilot  that  that  information 
has  frozen.  He'll  pull  the  stick  over  into  a  roll,  and  the  HUD  says  he's 
still  winqs  level,  so  he  pulls  a  little  more  and  a  little  more,  until 
he  went  into  the  qround.  We  never  heard  a  word  from  him  until  he  broke  out 
of  the  clouds  at  about  100  ft.  Goinq  at  500  knots  there's  nothing  you  can 
do. 

ANONYMOUS:  Was  it  the  sensor  or... 

WARUSZEWSKI:  INS  failure. 

ANONYMOUS:  Normally  don't  you  qet  flagged7 

WARUSZEWSKI:  No.  the  ADI  should  have  indicated  that  it  was  a  failure 
because  we  properly  monitor  that  information  going  there. 

ANONYMOUS:  Hut  the  ADI  has  a  flag  on  it,  he  should  have  seen  the  flag 
on  it. 

WARUSZEWSKI  No,  bei ause  he's  been  trained  to  use  the  HUD,  so  they  don't 
look  at  the  ADI,  thev  look  at  the  HUD. 

(Non-transcribable. ) 

WAP  SZEWSkI  I  know  what  we  need  but  we're  not  designing  the  airplanes 
that  way  quys. 

PATN  DE  >  j  ve  qot  a  very  valid  point,  having  seen  the  HUDs  artificial 
horizon  superirposed  on  the  natural  horizon  all  day.  every  dav,  you  become 
very  comfortable  with  that  But  you  ouqht  to  be  warned  when  it  isn't 
doinq  that. 

(Non-transcribable  segment.) 

VERONA:  Okay,  were  drifting  away  from  visual  displays. 

SCHLA.M  in  a  case  like  this,  we  can  say  it's  the  display’s  fault  but 


it's  really  a  system  problem. 

(Non-transcribable. ) 

VERONA:  We've  found  that  the  night  vision  goggles  are  being  considered 
as  a  short  term  solution  to  a  pilotage  display  by  the  Navy  and  by  the 
Army.  Possibly  a  long  tern  alternative  also.  We  have  (END  OF  TAPE)... 
the  wide  FO.  in  order  tc  get  the  necessary  pilotage  information,  is  that 
>n  Air  Force  problem  also?  On  the  ‘16s,  '14s,  in  the  Navy?  Are  they 
planning  ^o  use  any  imaging  display  for  pilotage  systems? 

KAY:  I  think  some  of  the  outputs  of  our  single  seat  attack  program 

may  apply.  Just  as  a  mechanization  factor,  we  feel  that  a  1:1 
correspondence  of  the  HUD  with  the  real  world,  that  kind  of  thing,  or  you 
come  up  with  a  2Q{  FOV  in  order  to  fly  the  simulator.  We  put  a  lot  of 
pilots  in  the  simulator,  flying  this  way  at  night,  where  the  only  information 
were  simulating  is  outside  on  the  terrain  board  and  all  he  has  is  the 
21''  in  front  of  the  airplane  that  he  senses  with  the  FUR.  When  he  turns, 
he  wants  to  see  what  he's  turning  into  so  what  were  doing  is  giving  him 
a  flip  mode  of  20  where  he  flips  over  to  the  side  to  make  sure  that 
there's  no  threat  there  before  he  makes  his  turn.  That's  the  b  ggest  we 
see.  the  more  the  man  can  see  (rest  non-transcribable) 

VERONA:  That's  why  we’ve  got  the  HMD  for  use. 

ANONYMOUS:  You're  going  to  slew  a  gun  around  with  that  .iMD  also,  right? 
VERONA  We'll  slew  them  yes.  Drive  signals  are  available  to  the  weapon 
systems  as  well  as  to  the  sensors. 

ANONiMOIlS:  We  don't  slew  our  quns  around. 

VERONA.  Your  guns  are  locked  though. 
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VOICES:  Slew  the  airplane. 

KING:  I  guess  one  thing  we've  found  with  the  Navy  and  Marines  and  Coast 

Guard  is  once  you  do  have  a  FUR  system  and  your  display  devices,  etc., 
the  pilot  and  the  other  people  in  the  cockpit  that  are  there  are  perhaps 
going  to  use  it  as  much  as  possible.  We  certainly  want  our  prime  looks  to 
be  at  take  off  and  landing  off  of  ships  or  other  areas.  Formation  flight, 
we've  been  looking  at.  hover,  hovering  in  transition  for  V/STOL  or 
helicopter  aircraft.  Hover  ng  and  picking  up  cargo,  using  it  for  rescue, 
and  even  using  it  for  reconna i ssance. 

VERONA:  You’re  talking  wide  FOVs  We're  talking,  the  Army's  talking 
about  a  45°  FQV.  You  mentioned  20°  FOV. 

(Non-transcribable  segment.) 

KAY  We  found  .’0  because  of  the  airspred  for  the  A- 1 0 .  The  F - 1 6  now, 
through  the  same  sort  of  concept  used  for  the  A- 1 0  is  like  12°.  All  he 
has  is  12°  besile  the  am  ra^  because  with  the  turn  rates  at  the  required 
speed  he  doesn't  nee-  more  than  that.  If  we  can  give  him  just  12°  beside 
the  airplane  he's  jot  everything  he  can  take  advantage  of,  react  on. 

VERONA  what  about  your  case,  what  size  are  you  using? 

PATNiiDL  It  isr  t  w*  it  size  'ecause  once  they  have  it  in  the  plane,  they're' 
going  to  use  it  for  a  lot  of  other  modes  than  just  say,  weapon  delivery 
or  target  acquisition. 

VERONA  Okay,  but  it  you  have  a  3/4°  or  2°  system,  that's  going  to  be  a 
lot  more  difficult  to  use.  It  may  be  possible  for  some  of  these  if  you 
nave  a  wide  FOV  system.  And  the  technology  problem  really  gets  difficult 
as  you  start  getting  out  to  the  wide  FOVs  and  also  want  high  resolution 
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because  you're  dividing  those  resolution  elements  up  by  a  large  amount. 
ANONYMOi'S:  I  think  the  Navy  on  the  helicopter  program  at  least  would  like 
to  design  it  to  60°. 

ANONYMOUS:  Yes  we  would  actually  desire  a  lot  more  but  60°  is  something 
that  miqnt  be  attainable.  180°  doesn't  spem  attainable  before  the  year 
C000.  ^hese  are  our  desires  for  where  we  think  we  are  going  to  get  some 
,se  of  technologies  coming  up  in  the  near  future. 

ANON y up  S:  i  was  trying  to  indicate  that,  for  at  least  helicopter's,  they 
have  come  up  with  wide  FOVs  more  positive  than  what  the  Army  would  like 
to  have  also. 

ANONYMol'S:  We're  nimickinq  the  Army  as  much  as  possible. 

B  RNETTE  Could  I  get  clari f ication  here.  Arp  we  talking  about  using 
vi  ieo  as  a  situation-type  information  thing  now,  where  orientation... 
BRIN01E:  We're  talking  about  using  video  as  the  only  source  of  visual 
information  to  the  guy  flying  the  airplane. 

BURNETTE  So  in  this  case  it's  not  to  detect  targets,  its  simply  for 
orientation,  where  you  are  and  all  that  stuff.  Could  I  ask,  maybe,  what  is 
j our  assessment  of  comparing  this  with  past  contact  analog.  You  know, 
it  seems  like  it's  related  to  that,  which  is  effective  generated 
representat ions  of  the  real  world  in  comparison  to  an  essentially 
relatively  low  resolution.  The  guy  is  not  focused,  he's  got  a  large  FOV, 
you  know,  normally  about  20°. 

* ING:  You  have  to  remember  now.  I'm  from  the  acquisition  area  and  cost 
becomes  a  prime  concern.  And  we  do  processing  of  a  lot  of  information, 
in  the  ASW  area  for  instance,  a  lot  of  detailed,  signal-type  information 
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cominq  in  and  is  processed  by  very,  very  expensive  processors  and  then 
presented  in  symbolic  form  for  the  ASW  problem.  I  don’t  think  that  you 
can  do  that  on  every  helicopter.  We're  getting  into  almost  million 
dollar  helicopters  for  ASW. 

BURNETTE:  No,  I  just  wanted  to  know  if  there  was  any  known  information, 
since  you're  not  now  dealing  with  a  target  detection  signature  as  far  as 
high  resolution,  which  way  is  best  to  qo?  Something  that  gives  you 
terrain  features  for  actual  terrain? 

KING:  Okay.  The  F-14,  F-lfl  now,  where  you  do  have  sensor  information, 
detailed  radar-type  information,  a i r- to-qi ound  or  air-to-air,  primarily 
we  put  the  information  up  in  symbolic  form.  If  the  pilot  wants  to  take  a 
more  detailed  look,  he  has  the  raw  data  information  cominq  in  or  semi- 
processed . 

Ml  i_  i  E  v  .  That’s  the  only  one  that  I  know  of.  I've  qot  to  stick  to  my 

own  gut  feeling  that  sensors  available  to  deal  with  that  kind  of  information 

have  never  been  designed.  Everybody  thought  they  would  be. 

,  PMAN  There  may  be  somet*ody  here  that  goes  back  farther  in  contact 
analog  than  I  do  but  I'n  not  sure  anymore.  (Non-transcribable) . . . 

"hat’s  an  I rp  system.  It  is  not  a  tactical  system.  You  can't  use  it 
in  a  tactical  environment.  It  requires  sensors  which  I  don't  think  were 
appropriate  for  this.  You  have  your  manual  Nav  sensors,  intertial  systems, 
it's  essentially  an  IFR  system.  And  I  think  we're  talking  about  somefhinq 
totally  different  here,  were  not  talking  about  IFP. 

ANON v MOHS :  We  probably  should  be  involved  in  it. 

GmPMAN  Not  really. 
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ANONYMOUS •  Aren't  missions  defined  in  terms... 

GURMAN:  Not  in  terms  of  IFR.  You're  talking  about  a  different  kind  of 
regime.  You  may  be  flying  IFR  during  part  of  your  mission  but  the  mission 

is  not  an  IFR  mission. 

MUlLEY:  What  about  terrain  following...  (rest  non-transcribable) . 

GORMAN:  Who's  doing  terrain  following? 

BL'RNE  TTE :  I  know  the  Avionics  Lab  has  this  program  on  contour  maps,  three 

dimensional  contour  maps,  graphics. 

•ERONA  Colonel  Patnode,  you  said  you  had  a  couple  more  questions  before 

you  had  to  leave. 

A T NODE  Is  LT  Mitchell  here?  You  said  an  MTBF  of  300  hours  and  you  are 
using  comon  modules. 

Non  transcr 1 habl e  segment  between  Col  Patncde  and  Lt  Mitchell  concerning 

the  question  of  MTBF . ) 

VERONA  Sir,  are  you  saying  that  300  hours  is  a  conservative  figure 

or  is... 

'  AT NODE :  NO,  optimistic. 

.ERONA-  ...a  very  optimistic  figure. 

PATN  Optimistic  when  you  use  comon  modules.  You  can't  have  your 

iake  and  eat  it  too.  You  can  standardize  our  comon  modules  but  I  think 
•here  will  be  a  second  generation  of  these  modules.  I  personally  think 
that  the  two  areas  of  the  comon  modules  that  probably  will  give  the  most 
;roblems  are  the  detectors  and  the  pumps. 

•ERONA  Sir,  did  you  have  something  else’ 

patN'  DE  Okay.  I  did  have  one  other  question  here.  Is  Mr.  Colombo  here? 

VOICE  No. 
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PATNODE :  He  answered  one  of  my  questions  yesterday  about  the  management 
of  the  mux  system  which  I  think  is  something  that  all  display  guys  ought 
to  be  interested  in  to  some  degree.  The  central  computer  or  fire  control 

t 

computer,  whatever  you're  using  normally,  does  the  management  of  the  mux. 

and  then  most  systems  have  a  backup  mux  control  somewhere.  And  my  specific 

question  today,  and  I  don't  know  if  you  can  answer  it  is,  "What  percent  of 
» 

your  functions  do  you  drop  off  before  you  use  your  mux  backup?" 

KING:  What  they're  prophesizing  in  the  F-14  CHOP  is,  you  have  the  central 
computer  which  does  mainly  weapon's  computation,  aircraft  monitoring; 
that's  the  AWAC  814.  You  also  have  computers  and  processors  for  the 
displays,  wind  inertial  system,  etc.  All  the  avionic  subsystems  have 
this  processing  capability.  The  advantage  of  that  capability  added  to  each 
one  of  these  individual  processors  is  for  the  executive  programs.  So 
each  one  of  these  proqram  processors  could  have  that  takeover  capability, 
sort  of  a  serial  routine  where  each  one  checks  on  what  the  last  computer 
did  below  the  mux  bus.  Did  it  do  everything  okay?  Okay,  proceed.  If 
it  didn't,  the  executive  program  tdkes  over  and  gives  the  order  to  the 
next  processo’’,  sayinq  I  did  the  executive  program  go  ahead  and  do  your 
thing.  It’s  an  idealised  concept.  We  haven't  done  it  yet  but  It's  for  an 
ideal  situation  at  best. 

(Non-transcribable  segment.) 

PATNODf  It  goes  beyond  the  executive  though,  somewhere  in  your  backup 
you've  got  to  have  something  ( non-transcr ibabl e) .  .  .  i  t '  s  really  the  primary 
system.  As  you  go  to  the  secondary  and  tertiary  mode  of  operation, 
what  you're  sayinq,  I  guess,  is  that  you  are  retaining  all  of  the 
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capabilities  that  you  had  in  your  primary  mode  of  operation. 

KING  Okay,  I  can  give  you  an  example. 

(Non-transcribable  discussion.) 

PATNOOC :  You  take  over  the  management  of  the  mux  and  how  much  more 
ran  that  manager  do  as  far  as  the  weapons,  the  sensors,  and  so  forth? 

KING:  Let's  take  an  example.  Say  each  box  has  Its  own  percentage  of 
the  executive  in  it,  let's  say  in  the  display  processor,  it’s  there 
waiting  to  take  over  that  particular  area,  curtaining  off  the  other 
•,'iocessors .  Let’s  say  there's  a  failure  in  the  display  processor.  We 
have  two  processors,  in  other  words,  to  drive  all  the  displays  plus  the 
ba  kups.  if  one  of  them  fails,  we  expect  to  have  an  80T  capability 
providing  all  the  information  were  optimal  at  one  time  to  the  operator, 
ne  an  provide  all  of  the  information  to  the  operator  except  it  will  be 
a  lot  slower,  not  a  lot,  but  slower.  This  is  in  essence  a  soft  type  of 
Vailing  of  that  vital  type  of  information  to  the  pilot  or  all  information 
to  the  pilot  whether  it's  vital  or  not. 

(Non-transcribable  discussion.) 

BURNETTE  Is  the  Navy's  flight  control  system  something  like  the  Air 
Force's?  With  quadruply  redundant -type  things,  control  systems,  etc. 

•IS  i  I  think  that's  what  they  are  proposing  on  F  - 1 4  CROP,  yes. 

VERONA  Okay,  as  an  aside,  we  ve  qot  one  other  statement  that  was  made 
yesterday  and  this  was  concerning  accelerated  research  and  development, 
an  we  accelerate  RiO  for  military  aircraft  just  by  putting  in  more  dollars. 
I  m  sure  we  ve  been  caught  up  in  the  situation  before,  trying  to  do  things 
in  parallel  that  we  should  have  done  in  series,  requiring  the  output  of 


one  program  to  drive  another.  Jim  Brindle  had  an  old  expression.  "Can 
nine  women  have  a  baby  in  one  month?"  and  I  think  that  we  have  been  put 
in  that  situation  before.  What  are  the  practical  time  frames  for  these 
advanced  displays? 

SCHLAM:  The  answer  is  a  definite  naybe.  It  depends  on  what  you  want  to 
do.  I  don't  think  we  still  know  where  we  are.  We've  been  toying  with 
ideas,  you  know,  you've  spent  lots  of  money  to  build  all  kinds  of  display 
devices  and  we  spend  more  money  looking  at  more  system, s  integration  in 
finding  out  the  best  way  to  use  the  technology  that  we  think  we  have 
now  or  we'll  have  in  the  next  one,  two.  or  three  years.  You  want  to  spend 
more  money,  I  think,  for  systems  integration.  The  thing  we  discussed 
yesterday  was,  you  don't  want  to  put  6.3  systems  in  a  thing  that  you  are 
being  graded  on. 

GUR’tAN:  I'd  like  to  say  something  similar  to  what  Elliott  just  said  but 

in  a  different  way.  The  topic  of  this  morning’s  meeting  is  "to  determine 
how  the  topics  covered  in  the  first  three  sessions  interrelate  or  what 
impact  each  has  on  the  other  and  then,  obviously  resulting  in  advanced 
display  requirements  The  objectives  of  the  three  sessions  were  "to 
provide  attendees  with  insight,  in  one  case,  on  doctrine  and  mission 
requirements  and  identify  what  the  requirements  are."  I'm  not  sure  I 
know  what  the  requirements  are.  To  acquaint  attendees  with  the  process 
that  the  system  engineer  uses.  I  think  we've  gotten  a  flavor  of  that, 
though  I'm  not  sure  I  really  know  although  I've  dealt  with  it  before  myself. 

To  delineate  the  vision  human  factors,  performance  factors."  I  think 
we  got  insight  into  that.  But  I  can't  say,  if  I  were  to  be  in  the  position 
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of  advancing  the  development  of  display  technology,  just  what  the 
requirement  of  that  display  was  in  terms  of  the  information  nor  what  the 
system  effects  of  the  system  integration  complexities  are  going  to  be,  how 
they  are  going  to  affect  the  display,  or  in  terms  of  the  human  factor 
performance  characteristics,  how  in  fact  they  affect  the  display  development. 
1  think  wo,  and  I  refer  to  an  earlier  meeting  of  a  tri-service  display 
group,  have  been  hard  put  to  try  to  describe  what's  been  done,  what's 
being  done,  and  in  a  sense,  what  should  be  done  over  the  next  five  years 
in  fait  panel  displays.  I  think  we  can  describe  relatively  well  where  the 

•  r  hr:o  1  oqy  is  and  how  it's  developing  and  I  think  we  can  probably  provide 
insight  into  how  we  can  quicken  that  development.  But  if  the  question  now 
is,  How  do  we  do  that  with  respect  to  the  night  vision  requirement?". 

I’m  not  sure  I  yet  know  what  that  mqht  vision  requirement  is.  What  is  it 
that  were  trying  to  do7  If  it's  pilotage,  that's  one  thing.  If  we're 

*  a  1  king  about  adding  the  factors  of  discerning  targets  or  separating 
them  from  ours,  etc.,  that  creates  a  whole  other  set  of  characteristics 
which  I  don't  fully  understand  yet  as  far  as  how  they  are  going  to  be 
translated  into  display  requi rements . 

Vfk’dNA  An  1  that's  been  one  of  our  problems  because  as  it  has  been 
->er*ioned  several  times,  it's  the  technology  driving  the  requirements 
rather  than  the  requirements  driving  the  technology.  You  can't  split 
•he"-  off  completely,  you've  got  to  talk  to  one  another. 

.  9MAN  No,  it's  a  reiterative  process  and  I  think  that's  why  we  tried 
to  call  this  meetinq.  (A)  to  start  conmun lea  ting  and  (B)  hopefully  to 
try  to  give  you  more  detail,  we  hope,  what  it  is  we're  each  trying  to 


do  and  how  we  can  get  there  together. 

VERONA:  Then  something  like  this  (pointing  to  blackboard)  is  a  reasonable 
breakout . 

GURMAN :  Not  enough,  I  think  pilotage,  whether  you're  talking  visual  or 
TV  or  F L I R  or  something  like  that,  is  generally  the  same,  there  are 
different  specifics.  But,  if  you  add  to  that,  target  acquisition,  and 
more  than  target  acquisition,  differentiation,  and  then  weapon  delivery, 
if  you  so  decide,  I  don't  know  yet  how  that  translates  into  the  display 
descriptions. 

VERONA:  I  don't  think  it  has  been  done  very  well  so  far. 

GURMAN  We  have  to  have  that. 

PATNODE :  We  cannot  write  a  detailed  specification  for  PNVS.  Our  PNVS, 
in  fact,  as  you  probably  know,  is  very  subjective  and  qua  1 i tat i vel y 
described. 

GURMAN  I  appreciate  that.  I  think  what  I'd  like  to  see,  although  it's 
optimistic  and  I'll  probably  never  see  it.  is  the  requirements  people 
saying  I  have  certain  things  that  I  have  to  do  out  there  on  my  mission. 

I  have  to  separate  a  tank  'rom  a  truck,  one  of  theirs  from  one  of  ours, 
find  out  whether  it's  been  shot  before  or  is  this  the  first  time,  that 
type  of  thinq. 

VERONA:  At  what  range? 

G  RMAN  ...at  what  ranqe,  under  what  atmospheric  conditions,  under  what 
altitudes,  at  what  speeds.  Now  when  we  can  describe  that,  go  on  to  the 
next  step,  not  necessarily  accurate,  you're  not  makinq  it  definitively, 
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just  ball  park  the  next  cut  at  it.  Which  is,  how  do  we  treat  that  in 
terns  of  the  sensor?  Do  we  have  sensors  that  can  do  some  of  those  things? 
What  has  to  be  done  to  the  sensor?  And  how  do  we  get  this  into  the 
system  context  and  what  information  must  be  provided  to  the  pilot  in  order 
for  him  to  make  these  decisions?  1  don't  think  we  should  be  equipment 
designers  here  nor  should  we  be  sensor  designers  here  nor  display  designers 
here.  I  think  I've  heard  somewhat  of  that  today  and  I  don't  think 
philosophy  is  the  most  important  thing.  I  think  that  if  we  can  start  to 
define  these  things  with  the  idea  that  the  system  continually  reiterates 
and  as  we  get  to  know  them  better,  we  get  the  systems,  documented  and 
sta't  flying  them,  so  that  maybe  you  can  make  the  decision  up  to  two  out 
of  three,  if  that's  what  you  decide,  then  we  can  get  some  of  the  answers 
and  feed  it  back  into  the  loop  and  get  better  ways  to  describe  these 
systems. 

PATNODE  All  right,  I'll  take  five  minutes  on  that  blackboard  and  show 
y  approach  to  you,  you  can  question  me  about  it.  if  it's  of  general 
interest  to  everyone 
VOICES:  I  think  so.  yes. 

pA’N00E  Part  of  the  problem  we're  talking  about  manifests  itself  in  the 
training  problem  When  we  laid  out  the  Advanced  Attack  Helicopter  program 
we  did  not  put  enough  time  in  the  development  phase  to  have  enough  blade 
hour',  to  propprly  train  the  copi  lot/gunner  and  the  pilot.  An  additional 
;-rob 1 em  was  that  we  knew  that  we  just  didn’t  have  a  large  resident  popula¬ 
tion  of  pilots  that  had  flown  FLlR-type  PNVSs.  We're  growing  in  numbers 
of  guys  who  can  fly  the  goggles  well.  So  we  were  faced  with  a  couple  of 
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problems.  Extending  the  development  program  to  get  the  blade  time  on  the 
64  for  training  is  a  very  expensive  proposition  considering  the  dollars 
involved  in  a  major  weapon  systems  development.  There's  got  to  be  an 
easier  way  to  do  it.  So  we  got  a  Dedicated  Training  and  Test  Detachment 
and  this  outfit  is  forming  up  at  Yuma  right  now.  The  way  I  approached 
this  thing  was  we  have  to  train  pilots  and  we've  got  to  train  copilot/ 
gunners  to  be  able  to  fly  these  systems  .  .  .  fly  these  systems  around 
the  trees  at  night,  learn  the  process  here  and  therefore,  instead  of 
flying  ?5  hours  in  the  AH-64  to  do  that,  we  must  be  able  to  do  that  in  5 
hours  in  the  AH-64  after  leaving  the  surrogate  training  system.  The 
pilot  is  transitioning  from  one  airplane  to  another  but  he's  using  the 
same  PNVS.  Now  in  addition  to  that,  you  always  have  a  crew  coordination 
problem  and  I'm  so  old  fashioned  as  I  mentioned  yesterday,  I  like  the 
side-by-side  arrangement  as  the  Navy  uses  in  the  A-6  and  not  this  tandem 
stuff;  but  we've  got  two  AH-ISs  with  a  TOW  weapon  system  as  part  of  our 
Dedication  Training  Detachment.  These  systems  have  as  their  primary  use 
the  TOW  sighting  system  and  we're  going  to  use  that  to  train  the  copilot/ 
gunner  in  direct  view  optics.  We're  also  qoing  to  use  those  two  birds  for 
crew  coordination  training.  Over  here,  on  the  copilot/gunner  side  we've 
got  two  ATAFCS  systems  installed  on  AH-IGs.  We've  done  some  upgrading 
with  the  HEllFIPE  PM.  Understand  we're  integrating  with  the  HELLFIRE  PM 
because  he  needs  four  of  these  ATAFCS  birds  to  do  his  own  thing.  We  need 
two  for  target  training,  we  need  two  for  development  of  his  missile 
system.  So  we've  decided  to  fund  two  and  he  funds  two  and  we  ship  them 
back  and  forth  because  we’re  all  at  Yuma  anyway.  These  ATAFCS  trainers 


have  a  FUR  and  TV  autotracking,  laser,  but  they  do  not  have  direct  view 
optics.  Now  this  outfit  which  was  intentionally  named  the  Dedicated  Training 
and  Test  Detachment  has  the  guys  who  do  the  instruction  but  will  not  be  the 
subject  pilots  for  DT  or  OT.  They  will  train  the  subject  pilots  for  the 
DT/OT.  They  will  also  train  the  Hughes  contractor  pilots  in  the  use  of 
these  systems.  The  Hughes  pilots  don't  have  the  proper  background  on 
these  systems  either.  So  that's  the  layout. 

Now  to  get  more  specifically  back  to  your  question.  It  is  my  hope  and 
the  hope  of  NV&EOL ,  that  the  life  history  of  these  systems  will  provide 
us  a  vehicle  to  better  define  the  specs  for  PNVSs.  Due  to  the  funding 
constraints  we  didn't  instrument  these  birds  to  the  degree  that  NV&EOL 
wanted  them  instrumented  so  that  they  could  get  a  handle  on  writing  a  more 
detailed  spec  for  a  PNVS.  But  I  do  believe  we've  taken  the  first  step 
here  to  be  able  to  work  that  problem  because  over  a  four-year  period  they 
nave  high  training  requirements  over  relatively  short  periods  of  time,  and 
they  have  refresher  training  requirements.  There  will  be  some  time  for 
N.&EOL  to  use  these  trainers.  Because  it's  been  our  experience  in  all  the 
work  that  we  have  done  at  CDEC  and  NV&EOL  that  guys  proficiency  in  flying 
•hpse  night  vision  systems  degrades  very  rapidly  and  Air  Force  has  found 
this  in  PAVE  TACK.  They  can't  go  25  days  without  flying  the  system  without 
having  a  signi ficantly  reduced  capability.  So  here's  a  refresher  training 
requirement  out  here.  We're  not  trying  to  get  the  answer  on  TADS  because 
there  are  a  lot  of  specifications  on  the  TADS  system.  The  ATAFCS  trainers 
give  the  guys  some  fundamental  practice  in  manual  tracking,  autotracking, 
target  designation  and  so  forth.  Now  in  the  world  that  we  like  to  talk 
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about  that  Is  not  funded  properly,  there  is  a  gap  between  basic  research 
guys  and  those  like  me  who  are  developing  systems.  There  used  to  be  a  lot 
of  test  bed  vehicles  like  this  in  all  the  services.  1  used  to  work  with 
the  Navy  and  the  Air  Force  on  the  VTOL  prototype  airplanes  like  the  fan 
and  wing  and  ducted  props.  To  get  back  to  one  of  my  bottom  lines,  why 
should  1 ,  as  a  Program  Manager,  pay  for  these  test  bed  systems  when  they 
should  be  resident  in  6.3  type  systems  and  1  could  use  and  only  pay  for 
the  hours  I  use  it.  Now  !  do  have  one  other  vehicle  that  I  control  that 
belongs  to  NVAEOL.  that's  the  LOTAHS  bird,  an  OH-6  with  a  PNVS  and  designator 
system  on  it.  The  LOHTADS  bird  sits  in  the  NVAFOL  hangar  but  1  control 
the  system  !'m  trying  to  get  a  poor  man's  6.3  system  for  the  Army 

but  selling  this  to  the  RAD  guys  in  Washington,  the  ones  you  get  your 

money  from,  is  a  tough  nut.  They  don't  recognize  it  because  most  of  them 

today  have  never  spent  time  in  the  labs  and  the  places  like  you've  spent 

and  they  don't  understand  the  problem  They  think  you  can  do  it  on  paper. 
GURMAN  This  is  another  cut  that  1  would  like  to  get  at  and  that  is, 
once  you've  done  this  training  program,  seems  to  me  your  training  program 
is  also  a  test  prograr  Because  it's  going  to  tell  you  what  you  can  do 
with  the  system  and  what  you  can't  do  with  the  system.  And  then,  seems  to 
me.  you  can  look  back  at  the  requirements  for  these  sensors  you've  defined. 
Seems  to  me  they're  going  to  be  redefined  based  on  what  you  do,  but  I'm 
not  quite  sure  of  that.  If  the  intent  of  that  hoped-for  requirement  had 
been  met  and  to  the  extent  that  the  hoped-for  requirement  is  known 
then  the  question,  "Do  the  requirements  have  to  change  to  meet  the 
limits  of  the  system  or  the  limits  of  what  you  can  do  before  you  can 


improve  the  system?"  Okay,  this  Is  really  saying,  rei terati vely  you're 
going  back  and  getting  a  better  handle  on  the  requirements,  to  the  extent 
that  they  can  be  met  and  to  the  extent  that  they're  reallj  necessary. 

You  know,  this  is  what  I  was  really  getting  at,  if  the  requirements  are 
to  differentiate  between  one  of  theirs  and  one  of  ours,  that's  so  much 
greater  than  d i f ferent ia t i ng  between  a  tank  and  a  truck  and  a  man  or 
a  jeep.  And  if  it  is,  let's  say,  close  to  the  FEBA  and  then  if  that's 
really  the  requirement,  then  the  question  is  "Can  we  meet  that?"  And 
if  we  can't  meet  that,  is  that  a  realistic  requirement?  It  seems  to  me 
it  works  both  ways.  Then  that  impacts  on  whatever  you  do  with  the  rest 
of  the  system.  The  sensor  requirement  is  greater,  I  don't  know  how  you 
define  this.  Generate  sensor  requirements  and  maybe  the  display 
requirements  go  along  with  it.  They  have  to  match,  the  system  has  to  match. 
We  have  to  have  all  the  pieces  to  be  able  to  reiterate.  1  think  what 
you're  doing  is  a  good  exercise  and  maybe  that  will  help  redefine  the 
requirements ,  qualify  the  requirements,  make  them  more  or  less  realistic. 
PATSODE :  Let's  take  the  first  part,  the  PNVS  thing  as  an  example.  Within 
the  NV&EOl  community  they  say,  from  a  pilot  worHoad  point  of  view,  you 
ought  to  have  autohover.  Sow,  and  at  the  time  they  were  structuring  the 
AAH  program,  the  money  guys  chopped  the  shopping  list,  and  we  never  got 
the  autohover.  So  the  PM  said  no"  at  the  time  for  a  number  of  reasons. 
Money,  schedule  and  so  forth.  Well  my  Dedicated  Training  Detachment  has 
a  tendency  to  provide  an  opportunity  to  say  again,  "Well  this  thing  works 
pretty  good  but  we  need  autohover."  Now  onto  the  targeting  thing,  1  don't 
see  how  we  can  get  away  from  this  because  every  display  guy  eventually  will 


give  you  the  imagery  that  you  see  through  the  sensor  or  the  seeker  if  you 
want  it.  But  you  know  we  have  a  fundamental  problem  right  now  because  the 


TAOS  under  my  area  and  the  seeker  under  the  HELLF1RE  PM  area,  are  in  two 

different  conmodity  commands.  This  happens  throughout  the  services.  So 

it's  very  easy  for  my  buddy.  Bob  Feist,  who  is  the  HE L L F 1  RE  PM,  to  take  his 

seeker  problems  and  redefine  the  requirements  for  the  designator.  This  goes 

on  quite  often.  Because  we  don't  have  these  total  systems  approaches  across 

the  total  weapon  system  in  the  AAH ,  I  personally  think  the  HE LL F 1  RE  should 

be  under  the  AAH.  If  I'm  workinq  for  BG  Browne  the  HE  LL  F 1  RE  guy  ought  to  be 

working  for  BG  Browne.  But  that's  the  way  the  world  is.  1  didn't  make  it, 

I  just  live  here.  So  the  problem  in  the  display  area,  the  part  we  haven't 

talked  much  about  here,  is  also  over  here  in  the  seeker  area  and  the  auto- 

2 

correlation  area  also.  A  fundamental  problem  is  the  handoff  of  an  I  R 
between  the  real  imagery  you  have  over  here,  which  is  a  pretty  spiffy 
system  compared  to  the  sensitivity  of  this  one,  and  how  you  can  very  cleanly 
make  the  transfer  in  auto  handoff  from  the  sensor  such  as  the  FL1R  sensor 
in  the  TADS,  to  the  seeker  of  the  missile  system.  Now,  if  you've  got  a 
lousy  FUR  over  here  and  a  relatively  lousy  FUR  over  here,  the  problem 
is  a  relatively  simple  one.  But  if  you've  got  a  spiffy  kind  of  resolution 
over  here  and  on  the  one  here  the  resolution  is  flaky  then  the  correlation 
in  the  auto  handoff  is  goinq  to  be  a  problem.  I  don't  know  what  the  guys 
in  the  seeker  business  and  the  processing  business  can  do  to  simply  this. 

They  are  working  very  hard  on  it  right  now.  But  I'll  tell  you  as  far  as 
TAOS  qoes  until  we  build  some  systems  and  not  only  get  operational  experience 
but  do  some  very  structured  field  experiments  we're  not  going  to  be  able  to 


write  this.  Now  it's  not  all  bad  because  LDWSS,  the  laser  designation 
weapon  system  simulation,  is  super  in  doing  the  analytical  tradeoffs 
between  the  two  sides  of  the  house.  Now  1  don't  know  If  my  total  pointing 
and  tracking  accuracy  is  achievable.  You  know,  the  stabilization  people 
in  the  Air  Force  and  the  Navy  and  the  Army  all  kind  of  scratch  their 
heads  and  say.  Well,  maybe  if  you're  lucky." 

SCHLAM:  Colonel,  I'd  like  to  reemphasize  your  point  about  this  6.3  business. 
My  organization  basically  lives  on  6.2  electronics  money  and  we  have 
finally  recognized  it's  not  good  enough  to  build  6.2  devices  because 
people  like  you  really  can’t,  to  do  your  job  right,  you  can't  handle  that. 

You  have  to  have  the  testing,  the  additional  capabilities  to  make  sure 
that  they  can  go  into  the  higher  levels  to  do  the  job  that  needs  to  be 

done.  And  recently  we've  been  making  appeals  for  so  called  6.3A  funding 

throughout  the  MJRADCOM  community  to  approach  doing  this  kind  of  job 
of  testing  and  specifying,  etc.  The  answers  we've  got  back,  I  think 
based  on  Congressional-level  decision,  is  that  6.3A  money  is  not  the  money 
to  be  spent,  it  should  be  6.3B.  Which  means,  how  does  the  PM  do  it? 

And  you  can't,  you're  not  eguipped  to  do  it.  I  think  this  is  a  major 

gap,  a  major  problem,  and  if  we  have  some  reconmendations  as  a  result 
of  this  workshop,  1  think  one  of  those  reconmendations  should  involve  a 
new  area  of  funding  for  efforts  which  we  can't  do  in  our  present  status 
and  neither  can  you. 

t'ATNODt  In  the  obscurant  program  that  I  mentioned  yesterday  I  have  the 
AAH  and  HELLFIRE  programs  combined  for  this  effort.  I  have  36  DoD  agencies 
in  my  wiring  diagram  for  the  obscurant  testing.  This  is  the  minimum  number 
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required  to  do  the  job.  As  a  program  manager  for  a  little  24-inch  ball 
sitting  on  the  front  of  a  helicopter  it's  incomprehensible  to  me  that  no 
one  would  do  this  job  for  me.  Now  the  system  won't  provide  that  so  1  went 
to  BG(P)  Ragano,  the  MIRADCOM  Commander,  and  said  1  need  help.  He  is  taking 
over  the  obscurant  testing  as  the  Commander  of  the  commodity  comnand  that 
has  a  functional  responsibility  for  these  things.  We’re  making  that 
transition  right  now  where  he  is  going  to  set  up  the  obscurant  testing 
arena  and  then  I  will  eventually  be  a  customer  rather  than  a  manager. 

If  we  can  make  that  transition  in  the  next  five  to  six  months,  then  there 
will  be  a  precedent  for  fundinq  in  the  6.3  area,  those  sorts  of  things 
that  PMs  need  to  have  done. 

HAKE-.  I'm  Captain  Hake  by  the  way,  from  the  Air  Force  Avionics  Laboratory 
and  we  are  developing  the  next  cien  FLIR.  Primarily,  what  we  are  trying 
to  do.  the  question  we're  trying  to  answer,  and  we  need  some  help  from 
the  requirements  guys  and  the  displays  people,  is  "Can  you  read  that?" 
(Points  to  blackboard.)  First  of  all  we  had  some  contracts  with  Hughes  and 
Rockwell  We're  tryinq  to  increase  the  state-of-the-art  in  sensors,  the 
next  qen  FLIR  area.  We  did  some  mission  analysis  work  to  determine  some 
requirements  for  the  next  qen  FLIR  with  some  help  from  XR  As  I  •  ep 
we’ve  got  the  sensor  design  to  qive  us  the  better  performance  we  ■ • e 
perform  the  mission.  We  had  requirements  generated  and  we  ;  •  *e\  ,• 
a  sensor  to  get  better  performance  than  the  coimon  module  r, 
big  question  we  have  is  "Do  we  have  displays  that  will  .e  * • 
sensor  performance? "  You've  qot  some  sort  of  proces  < 
that  because  you  have  operator  limitations  too  t^at 
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We  may  have  a  super  sensor,  but  the  display  might  not  be  able  to  handle 
that,  even  if  it's  compatible.  What's  the  operator  doing,  what's  his 

1 imi tations? 

GURMAN:  What  I  keep  hearing  here  is  that  the  displays  may  or  may  not 
be  able  to  handle  it;  the  question  I  have  Is  "handle  what?" 

HAKE:  The  performance. 

(Non-transcribable  segment.) 

SCHLAM:  I  think  what  you  ought  to  do  is  put  a  big  fat  line  around  that 
processor  box,  as  we've  been  discussing  all  morning,  and  try  to  tie  that 
whole  thing  together  rather  than  putting  question  marks  over  the  display 

or  the  operator  and  so  on. 

GU'RMAN :  There  are  limits  on  the  operator,  there  are  limits  of  the  dis¬ 
play,  there  are  limits  of  the  processor,  and  there  are  limits  of  the 
sensor.  I  think  we  can  all  agree  on  that.  The  question  Is.  if  you're 
going  to  do  a  mission  analysis,  it  has  to  be  done  with  respect  to  doing  a 
particular  task  or  set  of  tasks.  And  if  you  reiterate  this  so  that  you 
can  describe  the  parameter  of  the  inputs  and  the  outputs  of  each  of  the 
subsystems  in  a  reiterative  system,  then  you  can  say  whether  a  display  is 
available  or  which  one  you  want  to  choose  that  can  best  do  the  job  that 
you’ re  trying  to  do. 

BR INDL E  Brad,  it  might  not  t>«  only  a  guestion  of  defining  the  display 
performance  parameters  but  defining  the  display  modality  which  he  (Capt 
Hake)  hasn't  had  a  chance  to,  based  on  what  mission  they  are  trying  to 
accomplish.  You  know,  you  may  have  3  or  4  options  of  display  modality, 
all  of  which  have  the  same  performance  coronensurate  with  those  of  the 
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sensor,  but  depending  on  what  you're  trying  to  do  and  how  many  guys  you 
have  in  the  cockpit  to  do  It,  the  answer  may  be  different. 

HAKE:  From  our  standpoint,  we're  looking  at  recce/strike,  reconnaissance 
and  weapons  delivery,  and  we're  looking  at  the  next,  aircraft  that  will 
be  In  the  Inventory  In  the  '80's.  Primarily,  we're  going  to  single  seat 
aircraft  in  the  Air  Force.  So  that's  the  type  of  background  we've  got  up 
till  now.  But  right  now  I  don't  understand  all  the  human  factors  stuff, 

1  don't  understand  what  all  the  limitations  are. 

MARTIN:  Dave,  let  me  perhaps  rephrase  Brad  Gurman's  previous  remarks. 

The  mission  analysis,  mission  requirements  Information  that  in  general 
is  produced  as  a  cormunity,  to  date  has  not  really  been  followed  through 
on.  That  is.  we  define  what  the  global,  qualitative  mission  requirements 
are  but  we  don't  ever  take  that  next  step,  that  Is,  doing  the  quantitative 
analysis  on  that,  on  that  basic  requirements  Information  that  defines  what 
the  sensor/display  and  man,  taken  as  a  total  system,  must  do  In  order  to 
satsify  those  mission  requirements. 

BURNETTE:  Yes.  And  I  think  really,  the  way  it  ought  to  be  done  Is 
through  mission  analysis.  We  need  to  define  just  exactly  what  you  need 
to  do  this  thing  and  then  start  looking  at  each  aspect  considering  each 
has  limits.  And  the  one  we’re  farthest  from  reaching  is  going  to  be  the 
limiting  factor  at  this  particular  point.  But  then  at  least  you  know 
in  the  end  where  you're  going.  It  may  be  1995  before  you  get  there  but 
at  least  you  have  It  defined  what  your  objectives  are  and  what,  aven  In 
your  6.2  and  6.1  programs,  you're  trying  to  achieve. 

GURMAN:  I  think  I  would  suggest  to  you  a  further  step.  And  that  Is, 
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if  in  fact  it  comes  out  to  1995  and  it's  1985  you  want  to  meet,  you  may 
nave  to  change  the  basic  requirements  In  the  sense  that,  that's  the 
realistic  requirement.  That's  the  one  we  can  meet,  not  the  one  that  we 
would  ideally  like  to  meet.  And  then  plan  to  meet  that  requirement.  If 
in  fact  it's  necessary,  ASAP  if  the  system  technology  allows  It. 

BURNETTE:  Obviously.  But  what  I'm  saying  Is,  that's  what's  happening 
right  now.  There  are  all  kinds  of  voices  that  come  out.  My  own  personal 
feeling  is  that  the  human  can  make  use  of  higher  update  rate  Information, 
that  is,  he  can  look  at  imagery  that's  moving  faster  on  the  display  than 
he  is  getting.  He  can  also  make  use  of  higher  resolution  Information 
than  he's  getting.  He  can  use  more  lines  per  Inch  and  he  can  use  more 

information.  That  says  that  a  particular  target.  If  It  takes  10  lines  to 

define  it  on  a  display  we  have  now;  It  may  take  15  to  define  It  on  a 
smaller  display  but  you’ve  got  a  much  larger  FOV  on  that  display  His 
thinq  says,  how  big  a  FOV  do  I  need  and  what  do  I  have  to  see?  It's  a 
relationship  box.  How  far  away  do  I  have  to  be  to  see  a  particular 

tarqet?  What  would  I  like  to  have?  That  human  Is  going  to  limit  that. 

Now  there  are  interim  steps  we're  going  to  be  able  to  take  on  our  way  to 
that  but  the  problem  I  have  now  is  I  keep  getting  told  "Were  there." 

The  human  can’t  use  any  more  than  he’s  getting  right  now.  And  if  that 
is  true,  we're  done,  we're  limited  but  we're  done.  We  have  to  live  with 
those  limitations.  It  would  be  nice  to  determine  which  way  It  Is. 

SCHLAM:  The  question  asked  before  which  really  hasn't  been  answered, 

"Can  we  use  accelerated  R4D?"  I  would  like  to  take  a  quick  cut  at 
answering  that.  That  answer  Is  "sure”  but  what  do  you  want  to  do  It  on. 


And  the  way  I  see  It,  I've  listed  three  priorities.  In  priority  of  what 
you  want  to  do  In  R&D.  Number  one  is  systems  Integration  and  real  world 
simulation  studies.  I  think  we're  pretty  much  all  In  agreement  on  this. 

And  the  second,  which  Is  a  subset,  of  course  might  be  test  vehicles,  6.3A 
type  of  work  to  get  me  to  the  actual  hardware  evaluation  of  these  system 
studies.  And  finally  the  third  would  be  In  display  technology  device 
development  per  se. 

VERONA:  I  think  there  are  some  of  these  test  vehicles  hiding  around, 
we've  got  a  couple. 

GURMAN:  I  think.  In  some  cases,  Elliott’s  6.3A  model  has  to  be  slightly 
changed  because  If  he's  working  with  a  6.2  device,  it's  a  device  that  is 
not  necessarily  even  a  breadboard.  And  what  I  think  we  have  to  do  in 
terms  of  evaluating  these  things,  is  to  get  it  into  at  least  the  brassboard 
stage.  Which  means  he's  further  than  6.3A. 

(Non-transcribable  segment.) 

MYSING:  I  think  though,  we  made  an  assumption  here  that  I  don't  know  has 
been  established  yet.  And  that  is,  we  can  put  a  display  in  an  aircraft 
which  can,  under  typical  situations  let's  say,  supply  more  resolution  In  that 
aircraft  than  the  operator  can  possibly  use... 

MARTIN:  John,  1  would  submit  that  we  haven't... 

MYSING:  (First  part  non-transcrlbable) ...  program  Indicates  that  given 
the  typical  space  available,  the  size  of  the  display  that  Is  available, 
and  the  dynamic  range  that's  required,  there's  a  lot  of  displays  that  can 
be  used. 

VOICE:  You  can't  use  a  17  Inch  display. 

(Non-transcrlbable  segment.) 
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PATNODE:  I  think  this  is  the  business  of  both.  I  think  we've  gotten  to 
where  at  least  in  the  TADS  area,  with  the  new  AH-64  we  can  define  the 
requirements  end  to  end.  One  of  the  problems  we're  asking  about  is  can 
we  then  define  the  requirements  of  the  subsystems  clearly  enough  so  that 
people  working  that  portion  of  the  system  can  accomplish  their  job  with 
the  help  of  people  like  you. 

GURMAN:  I  think  what  I'm  trying  to  provoke  here  Is  that  there  are 
questions  asked  whether  there  are  displays  that  can  do  It.  Some  people 
question  whether  there  are  displays  that  can  do  It.  I  think  there  is  some 
question  whether.  If  there  really  is  a  problem.  In  terms  of  finding  displays 
that  can  be  used  because  we  haven't  defined  exactly  what  we  need  on 
that  display.  Now,  if  I  may  ask,  do  we  have  to  accelerate  technology 
in  order  to  meet  some  contingency?  I  don't  know  yet  whether  I'm  limited 
to  display  availability  or  not.  And  it's  so  Interlocked  that  what  I  was 
trying  to  provoke  was,  yes  we  have  numbers  we  can  use.  At  least  we  can 
set  a  first  cut  In  motion,  draw  them  up,  see  If  we  can  describe  the 
system,  and  then  on  the  basis  of  the  details  we  need,  and  the  environment, 
and  the  viewer,  under  the  conditions  he's  going  to  fly,  see  If  we  can 
do  it  or  not  do  it,  and  where  the  weak  links  are.  We  go  out  then,  little 
by  little,  continuing  to  move  the  system  up.  I  don't  know  what  that  basic 
first  cut  system  Is  yet,  nobody's  described  It. 

PATNODE:  The  guys  are  trying  to  figure  out  what  the  compromises  are  from 
the  requirements  which  have  been  laid  on  the  Army  R4D  cownunlty  on  the  ASH 

hel icopter 

(Non-transcrlbable  segment.) 
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GURMAN:  I  think  the  Colonel  is  doing  an  admirable  job  in  trying  to  develop 
a  system  to  do  something  that  hasn't  been  really  well  defined.  Now,  It 
may  be  that  it  hasn't  really  been  well  defined,  but  we've  never  been  able 
to  build  a  system  to  give  us  the  kind  of  data  back  that  can  say  what  we 
can  do  or  can' t  do. 

(Non-transcribable  segment.) 

GURMAN:  Well,  we  always  have  to  compromise.  But  we  don't  know  yet  what 
the  compromise  is  for  that  system. 

(Non-transcribable  segment.) 

GURMAN:  And  the  block  of  equipment  Is  not  questioned  as  well. 

PATNOPE :  Fundamentally,  why  should  we  knock  it  when  we  don't  know  how  to 
cut  up  the  pie.  performance  requirements  wise,  within  our  specifications. 
MULLEY:  You're  doing  the  whole  job,  you  really  shouldn't  have  to  do  the 
whole  job. 
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Session  V 


Electro-Optlc.il  Sensors  and  Displays: 

Terms,  Definitions,  Procedures 

H.L.  Task 
AMKl./HEA 

WrlRht-Patterson  AFB  OH 


There  are  many  parameters  that  are  typically  used  to  describe  the 
capability  of  E-0  sensors  and  displays.  Unfortunately,  there  seems 
to  be  a  lark  of  uniformity  In  the  definitions  and  procedures  for  measuring 
the  values  of  these  parameters.  The  objective  of  this  session  Is  to 
establish  lines  of  communication  between  Individuals  who  are  Interested 
In  establishing  a  standardized  set  of  terms,  definitions,  and  measurement 
procedures  for  quantifying  E-0  sensors  and  displays. 

The  approach  that  Is  proposed  here.  Is  to  solicit  lists  of 
recommended  terms,  definitions,  and  detailed  measurement  procedures  from 
interested  Individuals  and  organizations.  From  these  lists,  a  preliminary 
set  of  terms  and  definitions  will  be  produced  and  disseminated  for 
comments  and  changes.  Once  a  final  list  of  terms  and  definitions  is 
agreed  to,  then  detailed  measurement  procedures  can  be  formulated.  It  is 
probable  that  more  than  one  measurement  procedure  will  he  submitted  for 
measuring  a  particular  parameter.  If  such  is  the  case,  then  It  is 
proposed  that  each  acceptable  procedure  be  Included  as  a  means  of 
measuring  that  parameter.  Then  whenever  that  parameter  Is  specified  or 
stated,  the  specific  procedure  used  or  required  should  be  Indicated. 

For  example,  there  are  several  ways  in  which  the  MTF  of  a  display 
can  be  "measured".  These  different  methods  do  not  always  yield  the 
same  results,  thus  the  procedure  used  should  be  stated  (e.g.  MTI'  Procedure 
or  MTF  Procedure  2  etc.). 

The  final  selection  of  terms,  definitions,  and  detailed  procedures 
will  be  published  as  a  reference  and  guide  for  specifying  E-0  sensors 
and  displays.  It  Is  hoped  that  there  will  he  sufficient  interest  and 
participation  from  the  three  services,  and  perhaps.  Industry,  to  complete 
this  reference  before  1980. 

The  following  Is  a  partial  list  of  terms  for  which  definitions  and 
measurement  procedures  are  solicited.  Your  participation  and  Interest  are 
encouraged  and  certainly  welcomed! 


301 


Part  l.i  1 
List of  Terms 

Modulation  Transfer  Function  (MTF) 

Cont  rast 

Signal  to  Noise  Ratio 

Dynamic  Range 

Contrast  Rut lo 

Resolution 

Contrast  Transfer  Function 

Video  Transfer  Function 

C.imma 

Spot  Site 

Bandwidth 
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r.-o  pensous  and  oisriAYS 


TlilUIS,  Dhl'IN I T I OWS  ,  PnOCEDir.'ES 


If  you  arc  intereslel  In  actively  participatin'’  in  this 
effort  or  In  receivin'’  Information  copies  of  anv  documents 
produced,  please  fill  out  this  form  and  return  to: 


11. 1..  TASK 
(>  )70  A* TR1./IIKA 

VKICilT-PATTFUS.'V  A  FA  011  454  31 


Nane 


Address 


Orpanlzat  1  on 
Phone  Number 

Check  one  (X) 

(  )  T  wish  to  actively  participate 
(  )  I  want  Information  copies  onlv 

Specific  areas  of  interest/co'iments : 
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SESSION  VI 


STATE-OF-THE-ART  SENSOR  TECHNOLOGY 


'HAIRMAN 

'apt  David  S.  Hake 
Air  Force  Avionics  Laboratory 
Wright-Pat terson  AFB,  OH 


INTRODUCTION 


The  first  part  of  this  session  contains  presentations  on  state-of- 
the-art  Forward  Looking  Infrared  (FLIR)  sensor  technology  which  will 
serve  to  acquaint  attendees  of  this  workshop  with  FLIR  technology  and 
its  impact  on  display  requirements. 

The  first  paper,  by  Mr.  Siwecki  ,  will  discuss  the  Common  Module 
FLIR  technology  as  applied  to  the  Air  Force  Pave  Tack  system. 

Mr.  Irandjean  will  present  a  paper  on  FLIP  Technology  Demonstration, 
the  Air  F  ree  Next  Generation  FLIR  program  for  advanced  tactical  and 
strategic  aircraft. 

Mr.  Layman  will  present  a  paper  on  the  Advanced  Tactical  (ATAC)  FLIR 
and  High  Sensitivity  Tank  FLIR  (HISTAF)  programs.  These  are  Army  Next 
>neration  FLIR  programs  for  airborne  and  ground  applications. 

Mr.  lies s  will  present  a  paper  highlighting  the  Navy  Hybrid  Array  for 
A7A  '  (HYTAC  /  FLIR  and  Charge  Infection  Device  (CID)  FLIR  Technology  Demon¬ 
s'  ra* i  n  p r  grams . 


SENS3H  TVER VIEW 


The  current  generation  of  airborne  forward  looking  infrared  (FLIR) 
»ns  r*s  is  represented  by  the  Conaon  Nodule  FLIR  technology,  widely  used 
in  Army.  Navy,  and  Air  Force  applications.  This  technology  provides  a 
lay /night,  limited  adverse  weather  capability  needed  in  today's  battle- 
fieii  scenarios.  The  Common  Module  FLIR's  performance  is  proven,  and 
its  use  increases  the  effectiveness  of  our  weapon  systems.  It  provides 
the  advantage  of  detecting  and  attacking  enemy  forces  at  sufficient 
stand-off  range  to  perform  the  mission  effectively  while  increasing  the 
survivability  of  our  own  forces. 

Unfortunately,  scenarios  for  the  1980s  grow  more  demanding  as  our 
a  iv" rsarie9 '  offensive  and  defensive  capabilities  increase.  More  lethal 
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i»-!Vnses  will  ft  ret*  our  weapons  systems  to  operate  at  lower  altitudes  and/ 
r  'it  firfater  stand-off  ranges  than  at  present.  Provided  that  their 
perf  raance  car.  be  improved,  FLIRs  will  be  very  important  in  these 
.  oenarl  s  because  they  can  provide  the  capability  to  detect,  recognize, 
and  att'ics  enemy  forces  at  night,  in  adverse  weather,  at  long  ranges. 

An  additi  nal  constraint  is  a  result  of  the  new  airborne  and  ground 
Wfi:  ns  ;  latf  ra  for  the  1930' s  scenarios  that  are  now  entering  the 
invent  ry .  The  Air  Free  find  Navy  will  have  smaller,  higher  performance, 
■-ingle-seat  aircraft.  The  Army  will  get  advanced  helicopters  and 
gr  ;nd  vehicles.  These  new  weapons  systems  will  incorporate  FLIR  sensors 
and  will,  themselves,  influence  the  FLIR  sensors  primarily  through  size, 
v":gnt,  ;  wer,  and  reliability  requirements. 

r.-.us,  beyond  the  current  Common  Module  FLIP  technology ,  scenarios 
i  new  weapons  systems  technol  gy  trends  are  driving  FLIR  requirements 

•  ward  ( ’.  greater  detection  recognition  ranges  for  longer  stand-off 
gage sents  i  (.  better  adverse  weather  capability  for  locating  enemy 

r .•••;;  in  ;  r  weather,  sa  *«• ,  and  battlefield  dust,  (3)  reduced  operator 
w  r* .  ad  since  the  trend  if-  toward  more  complex  weapons  systems  operating 
with  shorter  *  iar.ir.es  in  the  1980s,  and  (it)  decreased  sensor  size, 

: g:.*  .  wer  t  mee*  the  constraints  of  new  weapons  platforms,  where 
;  erf  rmar.ce  thervise  suffers. 

."he  approach  being  used  to  satisfy  these  requirements  is  to  increase 

•  e:...  r  j'-rf  raan  > ,  i  .  e .  ,  1  nger  detection  r  tinge  a  ,  by  increasing  the 
number  f  dete-‘  rs  in  the  FLIR  and  to  decrease  operator  workload  by 

r  vi  ling  aut  r-.a'ic  perat  i  r.  f  the  FLIR  functions,  such  as  gain,  level, 
f  -us,  and  tracking.  Automatic  target  cueing  will  also  reduce  operator 
-  rk .  al  by  automatically  cueing  the  operator  to  targets  of  Interest, 

■  en.*"  .  reducing  t ne  sear  -h  w  rkload.  In  addition,  various  types  of  image 
enhancement  will  provide  a  better  picture  to  the  operator  to  help  make 
his  w  irk lead  lighter. 


Fhe  level  pmental  impact  of  this  approach  fails  into  three  main 
aVg  rie.-i.  First,  high  density  focal  plane  arrays  ( FFAs )  are  required 
f  r  •  he  r.ext  generati  n  FLIRs  to  provide  the  high  resolution  and 

ivi'y  required  in  these  -.cenarios.  Thc3e  FPAs  use  integrated 
'ircuit  technology  for  target  detecting  and  signal  processing.  Several 
*TA  approaches  are  being  pursued  which  could  provide  these  required 
arrays.  Second,  the  new  FLIR  technology  approaches  all  basically 
i*.lize  a  standard  875  line  TV  format,  producing  875  lines  of  IR  video 
fr  -  the  sensor  an  i  requiring  75  display  lines  for  presenting  the 
information  to  the  operator.  Finally,  autoprocessors  will  be  required 
f  ‘he  new  FLIRs  are  to  handle  the  automatic  operation,  automatic  target 
cueing  and  image  enhancement  features. 

With  these  FLIR  trends  in  mind,  there  are  several  display  issues 
which  are  being  addressed  by  the  sensor  developers.  The  first  is  the 
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need  to  ensure  sensor/di  splay  compatibility  so  that  the  display  can 
handle  the  increased  sensor  resolution,  sensitivity,  hfTF,  and  dynamic 
range  which  will  be  available.  Second,  there  is  the  need  to  optimize 
the  can -machine  interface  so  as  to  max i mi ze  sensor  information  transfer 
t  the  operator.  Finally,  the  need  to  provide  adequate  display 
performance  for  the  operator  within  the  constraints  imposed  by  the 
weapons  system,  itself,  must  be  addressed.  Very  limited  cockpit  space 
is  available  for  displays  which  severely  limits  permissible  display 
size.  This,  coupled  with  long  display  viewing  distances,  effectively 
limits  the  system  resolution.  Displays  must  also  be  capable  of  func¬ 
tioning  under  both  very  high  and  low  ambient  light  conditions  encountered 
ir.  day /night  tactical  environments- 

In  summary,  we  have  seen  how  future  scenarios  are  driving  FLIR 
perf  rmance  requirements  hig.ner.  To  meet  these  operational  require¬ 
ments,  n-xt  generation  FLIRs  ,  incorporating  focal  plane  arrays  and 
aut  processors,  are  being  developed  by  the  Army,  Navy,  and  Air  Force. 

The  following  presentations  will  provide  more  detail  on  these  next 
generation  FLIR  programs. 


16-18  JANUARY  1979 
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REQUIREMENTS  B  E  Y  0  U  D  CO 


FOR:  ASH.  VSTOL  A.  F  -  1  6,  ETC. 


TRI-SERVICE  DISPLAY  WORKSHOP 
17  January  1979 


AF  Next.  Generation  FLIH 


Preset. tat  ion  :  FI.  IH  le  'ii;;.  -  gy  lemons  t  rati  or.  Program. 

Andrew  Gr&ndje&n 

AFAL/RWI-2 

Wright-Patte raon  AFB,  OH  U5U 33 
Mi  ■; 1  .  Ar.a ly ■■  i ,  ,L  ’  F  rr.  .  1  ut  i  or. ,  ■  re  i  iai:,nrj  lan'-ig:. 

The  development  f  the  design  for  the  FLIH  Technology  Demonstration 
i  FT:  )  pr  gram  was  based  n  Mission  Analysis  and  Concept  Formulation 
studies  •••r.  i-icte  i  i  iring  Phase  I  f  that  p  rogram  that  were  to  establish 
the  .  perati  nai  re  qui  n-nents  of  'tie  Air  Force  Next  Generation  FLIP  (NGF). 
These  requirements  then  ;.  layei  an  in;  rtar.t  r  le  it.  developing  a  ncept 

f  r  tl  Kelt  iene rati  •  F  r.  I n  the  Interactl  of  the  Mi 

Analysis  and  the  '  nee; t  F  rmuiation,  several  key  parameters  were  bounded. 
These  :  arameter  1  unds  wen-  subjected  t  a  trade  ff  analysis  and  were 
furth  o'  .  •  I  Igj  :  engineei  •  .  ■  n  Iderati  .  Thr  igh  thit 

iterative  pr  -e  ■  _  the  final  perf  rmance  requirements  v<tc  ierived, 
general  i«nn  -r  ■  •  ‘  f :  •  at  i  -r.3  f  rmulat--  i  and,  finally,  a  preliminary 
iesign  genera'ed  *  ■  v  w  .’.  !  lor-  •.  ra'*>  the  ;  •  .’.at'-;  perf  rmance  repuire- 

raents . 

The  ;  'in?  f  let  art  ire  in  the  Phase  1  studies  was  the  establ  i  s.nment  of 
-is;-,  n  inp  •  wer*  SJ  -  i  f  i «  1  ;n  terms  f  aircraft,  weapons, 

tactics,  iefer.s- •  ,  «  rid  area,  '  arge*  ,  r.issi  nr.  and  atmospheric  :  edi¬ 
tions  . 

As  part  f  t.v  •  t  f  rnulati  ,  a  limited  dis;  lay  study  war. 

alt  with  how  existing  t<  ••  •.  -logy ,  or 
advance!  display  'e-hn  .  gy ,  ill  satisfy  the  senr.  -r--' operator  interface 
requirements  in  an  air  raf'  3  .  hi  as  the  F-lb.  7hi  F-l6  imposes  several 
si se  an  i  weight  limitation;  .  The  sensor  performance  requirements  and  the 
operat  >r  vi'-v-.r.-  distance  .mpose  stringent  requirements  on  any  display 
•ha'  would  adeq.at.eiy  mat  •  -e*  r  perf  rmance  with  display  pera?  r 
(psychophysical )  c  nslierati  :.n.  Vn'-ral  requirements  were  derived  in 

ns,  display  .  •  .  ...  ay  brightnes  . 

and  ambient  illumination. 

The  resulting  system  MTF,  when  the  F-lb  display  is  convolved  ir.t'  the 
sens -t  system,  is  not  adequate.  It  w»is  determined  that  the  F-16  display 
has  sufficient  performance  strictly  in  terms  f  display  NTT  but  only  at 
greatly  redu'ei  spot  brightness  levels,  a  condition  that  severely  limits 
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the  range  of  ambient  illumination  viewing  conditions.  An  additional 
restriction,  of  course,  is  the  display  subtended  angle  at  the  2 8  inch 
operator  viewing  distance. 

As  part  of  the  Concept  Formulation  Task,  two  concepts  were  forwarded 
in  connection  with  the  display  problem.  One  was  a  projected  liquid 
crystal  display  (LCD),  and  the  other  was  a  CRT  virtual  image  display 
(VID).  The  former  is  still  a  young  technology;  the  later  may  be  a 
viable  near-term  solution.  The  CRT  video  would  have  sufficient  resolu¬ 
tion  to  preserve  inherent  sensor  performance,  adequate  brightness  for 
day  and  night  viewing,  and  offers  a  reasonable  compromise  between  size 
of  optics  and  the  angular  subtense  of  the  presented  image.  The  MTF 
curves  under  discussion  are  all  illustrated  in  the  presentation  hard 
copy  supplements. 

The  projected  LDC  display  proposed  as  a  long-term  solution  offers 
several  potential  advantages  over  current  CRT  technology:  high  contrast, 
grey  shade  capability  under  full  range  of  ambient  illumination  levels, 
uniform  high  resolution,  and  significant  reductions  in  power,  weight, 
ind  volume  requirements. 

These  initial  concept  recommendations  are  a  first  "attempt"  in  the 
process  of  defining  next  generation  FLIP  display  requi rements .  It  is 
rc:ognized  that  a  more  sophisticated  study  must  be  performed  that  not 
only  examine!-  the  current  and  future  display  technology  trends,  but  will 
examine  these  in  light  of  display  modality  and  psychophysical  considera¬ 
tions  . 

The  FTI  pr  gram  is  being  developed  in  parallel,  for  incorporation 
with,  autc  screening  and  cueing  hardvare.  This  alleviates  to  some,  as 
yet  undetermined,  degree  the  display, 'ope rat  r  requirements.  The  high 
performance  of  the  FTP  sensor,  in  terms  of  .MTF,  and  MRT ,  will  be  "used" 
by  the  autocuer,  if  not  fully  by  the  operator.  While  this  is  true,  it 
is  imperative  that  the  ultimate  operator  display  requirements  be 
ietermined  so  that  intelligent  decisions  can  be  made  prior  to  hardware 
tem<  nstratlon  an  1  design  commitments  in  the  advanced  development  programs 
to  f  ilow  FTO.  To  this  end,  an  MCA  has  been  initiated  between  AFAL  and 
AMRL  that  addresses  the  display  issue.  FTD  sensor  display  requirements 
(in  a  lab  scenario),  in  general,  will  lie  establisned.  A  matrix  analysis 
f  perator  and  interface  requirements,  display  modality,  S.O.A.,  F*TD 
system  requirements,  and  ambient  conditions  will  be  performed  to  provide 
the  basi3  for  two  roadmaps  and  two  statements  of  work  to  define  display 
technology  exploitation  for  the  near-  and  far-term  satisfaction  of 
advanced  FLIR  sensor  display  requirements. 
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Advanced  Tactical  (ATAC)  FLIR  Program 
Stuart  F.  Layman 

Night  Vision  &  Electro-Optics  Laboratory 
Fort  Belvoir,  Virginia  22060 
Phone:  (703)  664-5409 

The  past  several  years  have  brought  about  considerable  interest 
in  the  development  of  detector/CCD  processing  that  has  led  to  system 
concepts  employing  high  density  focal  planes  containing  thousands  of 
elements.  By  Increasing  the  element  number  and  density,  the  system 
designer  is  enabled  to  have  more  flexibility  in  trading  off  resolution, 
field  of  view,  and  sensitivity.  He  can  improve  by  a  significant 
amount,  the  system  stand-off  range  and  the  ability  to  penetrate  poor 
weather  and  degraded  visibility  conditions.  In  general,  the  effect 
of  these  advances  is  to  increase  the  information  content  coming  off 
of  the  focal  plane  assembly.  This  information  is  then  processed, 
formatted,  and  displayed  to  an  observer.  Considering  that  the  displays 
for  present  generation  systems  were  somewhat  limiting,  it  becomes 
apparent  that  with  an  increased  information  throughput,  the  display 
and  d  lsp  lay/obset vet  interface  are  even  more  critical  in  preserving 
the  increased  performance  of  the  focal  plane  assembly.  Specifically, 
first  can  the  display  MTF  be  made  adequate  and  second  can  the  imagery 
be  presented  to  the  observer  in  such  a  way  that  the  eye  makes  maximum 
use  of  the  Information  displayed! 
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Two  programs  are  presently  under  contract  fjr  development  of  high 
performance  second  generation  FLIR  systems.  One  Is  the  DA/DARPA 
funded  Advanced  Tactical  (ATAC)  FLIR  and  the  other  Is  the  DA  funded 
High  Sensitivity  Tank  FLIR  (HISTAF).  The  ATAC  FLIR  system  Is  a 
technology  demonstrator  for  airborne  applications  Incorporating  a 
CCD  processed  Si:In  focal  plane  assembly  operating  In  the  3-5u  region. 

The  system  Is  being  designed  however  In  such  a  way  that  it  could  accept 
other  focal  plane  materials  and  with  slight  optics  changes  could 
utilize  an  8-12u  focal  plane.  The  Navy  Is  developing  an  alternative 
3-5u  focal  plane  with  InSb  detectors  (HYTAC  program)  which  will  be 
mounted  In  a  dewar  which  will  be  a  direct  replacement  for  the  Si:In 
dewar  in  the  ATAC  FLIR. 

As  part  of  this  program,  In  order  to  help  facilitate  the  observer's 
search  task  and  enable  the  reduction  of  display  limitations,  automatic 
Image  processing  techniques  will  be  employed.  These  Include  automatic 
target  cueing,  automatl  gain  and  brightness  controls,  and  image  enhance¬ 
ment  using  local  contrast  stretch  techniques.  The  autocuelng  feature 
will  enable  the  observer  to  automat  leal ly  search  a  scene  for  high  threat 
targets,  detect  and  classify  them,  and  then  displav  them  according  to 
priority  back  to  the  observer  In  a  zoom  mode.  The  observer  can  then 
Interrogate  the  target  and  make  a  decision  for  handing  this  target 
off  to  a  missile  seeker. 
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The  HISTAF  system  Is  being  developed  for  future  combat  vehicle 
applications  and  incorporates  a  high  density  focal  plane  using  8-12u 
PV  HgCdTe  detectors  with  CCD  processing  on  the  focal  plane.  The 
emphasis  in  this  program  is  on  high  sensitivity  for  poor  weather 
operation  and  degraded  atmosphere  penetration.  The  focal  plane 
technology  being  developed  under  this  program  will  be  compatible 
with  the  conraon  modules  presently  being  used  in  the  Tank  Thermal  Sight 
(TTS).  The  displays  for  both  of  the  systems  discussed  here  are 
875  line  TV  format  CRTs.  In  addition,  the  ATAC  F1.IR  program  is 
providing  an  875  line  virtual  Image  display  for  integration  in 
aircraf  t . 
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DIRECT  VIEW  DISPLAYS 
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VIDEO 

DISPLAY  TECHNOLOGIES 

FEATURES 

LIMITATIONS 

CATHODE  RAY  TUBE 

MATURE  TECHNOLOGY 

FULL  COLOR  VIDEO  CAPABILITY 

CONVENTIONAL  RASTER  SCANNING 

LOW  CONTRAST 

HIGH  POWER  CONSUMPTION 

EXCESSIVE  SIZE  f,  WEIGHT 

HICH  VOLTAGE  (>  10,000V) 

FLAT  PANELS 

THIN  FILM  ELECTROLUMINESCENCE 

HIGH  CONTRAST 

LOW  POWER  REQUIREMENTS 

EASILY  MULTIPLEXED 

DEVELOPMENT  STILL  REQUIRED 
MEDIUM  VOLTAGE  (>100V) 

LIGHT  EMITTING  DIODE 

LOW  VOLTAGE,  IC  COMPATIBLE 

EASILY  MULTIPLEXED 

LARGE  ARRAYS  ARE  COSTLY 

HIGH  POWER  CONSUMPTION 

DEVELOPMENT  STILL  REQUIRED 

LIQUID  CRYSTAL 


VERY  LOW  POWER 

SUNLIGHT  LEGIBILITY 

LOW  VOLTAGE,  IC  COMPATIBLE 


DIFFICULT  TO  MULTIPLEX 
SLOW  RESPONSE  TIME 
TEMPERATURE  LIMITATIONS 
DEVELOPMENT  STILL  REQUIRED 


ELECTROLUMINESCENT  DISPLAY 
CHARACTERISTICS 


PARAMETER 

CURRENT 

NEAR-TERM 

RESOLUTION 

70  LPI 

100  LPI 

LUMINANCE 

30  FL 

60  FL 

CONTRAST 

LEGIBLE  IN  BRIGHT 
ROOM  LIGHTING 

SUNLIGHT 

LEGIBLE 

POWER  EFFICIENCY 

4  LUMENS/WATT 

1  LUMEN/WATT 

WITH  DRIVER 

1.5  LUMEN/WATT 
WITH  DRIVERS 

OPERATING  VOLTAGE 

200  VRMS 

100  VRMS 

POWER  CONSUMPTION 

3.2  WATTS  FOR 

8"  OR  10" 

2  WATTS 

MULTIPLEXING  CAPABILITY 

240  LINES 

500  LINES 

OPERATING  TEMPERATURE 

0°C  TO  70°C 

LIMITED  ONLY  BY 
PACKAGE  SEAL 

-55°C  TO  1 25°C 

SIZE 

6"  DIAGONAL 

10"  DIAGONAL 

COLOR 

YELLOW 

YELLOW  &  GREEN 
AVAILABLE 

FUTURE _ 

500  LPI 

200  FL 
0  0  0 

4  LUMENS/WATT 
WITH  DRIVERS 

75  VRMS 
1  WATT 

WITH  TFTs 
>  1000  LINES 

-55°C  TO  1 25°C 

LIMITED  ONLY  BY 
SIZE  OF  THIN  FILM 
DEPOSITION  EQUPMENT 

FULL  COLOR 
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INPUTS 


CONTROL  _ 


I  PWB  -  1 


PRECHARCE 

DRIVERS 


PWB- 2 


PRECHARCE 

CONTROL 

- 5 - 


PWB- 3 


THIN  FILM 

ELECTROLUMINESCENT 

PANEL 


<■ 


A 


DATA 

DRIVERS 


CLOCK 

DRIVERS 


PRECHARGE 

DRIVERS 


J-  ' 


TIMINC 

CONTROL 


P/S 

CONVERTER 


CHARACTER 

GENERATOR 

- S - 


COMPARATOR 
- £— 


INPUT 

LATCH 


SCAN 

DRIVERS 


WRITE 

DRIVERS 


H 


REFRESH 

DRIVERS 


READOUT 

COUNTERS 

PLEXEP 

MULT  I 

OSCILLATOR! 


4K  RAM 


i 

j| 

DECODER 

Bo." 

■ 

■ 

CURSOR 

COUNTER 

H 

L_ 

READ/WRITE 

CONTROL 


OUTPUT 


OITPUT 

LATCH 


r 


0 

6000A 


COUNTERELECTRODE,  Mo/Au,  2000A 

o 

BLACK  LAYER,  3000A 
DIELECTRIC,  Y^,  2000A 

EL  LAYER.  Mn-DOPED  ZnS, 

DIELECTRIC,  Y  0,,  2000A  0 

TRANSPARENT  EtECTRODE .  Mo.  60A 

GLASS  SUBSTRATE,  CORNING  7059, 
32  MIL  THICK 


1  VIEWING  DIRECTION  (ALL  LAYERS  TRANSPARENT 
'EXCEPT  BLACK  LAYER  AND  COUNTER  ELECTRODE) 


SKETCH  OF  ELECTROLUMINESCENT  (EL)  ELEMENT  STRUCTURE  -  - 
SHOWING  TYPICAL  MATERIALS  AND  FILM  THICKNESSES 


Electroluminescent 
Material  ZftS’.mn  Cover 


Rear  Electrode 


CROSS  SECTION  OF  THE  TFEL  (THIN  FILM  ELECTROLUMINESCENT)  DISPLAY 

PANEL 


INSULATOR 
ACTIVE  LAY 
I 


ELECTRODES 


ELECTRODES 


CLASS 

SUBSTRATE 


ELECTRODE  CONFIGURATION  FOR  AN  X-Y  MATRIX  TFFL  DISPLAY  PANEL 


t 


Brightness 
applied  ac 


versus 

voltage 


Applied  Voltage 


CUSTOM,  INTEGRATED 


DISPLAY  DYNAMICS 


HIGH  DENSITY 
REFRESH  RATE  500  HZ 
UPDATE  RATE  50  HZ 


o  SMALL  DEPTH  : : :  3.5" 
o  LOW  VOLTACE  : : :  10  VOLTS 
o  HIGH  RELIABILITY: :: 1 1,500  HRS. 
o  ALL  DIGITAL: : :CM0S 
o  DISPLAY: :: REPLACEABLE  LED  MODULES 
o  CONTRAST  RATIO: ::5  TO  1 
o  RESOLUTION: :: 64  LED’S  TO  THE  INCH 
o  COLOR: : : GREEN 

o  AI.PHANUMFR IC/ VECTOGRAPH IC  DISPLAY 


o 

AUTOMATIC 

LUMINANCE  CONTROL 

o 

SELF  TEST 

MODE 

o 

REMOTABLE 

POWER  SUPPLY 

MULTI-MODE  MATRIX  DISPLAY 


TYPICAL  PILOT'S  D  I  SPLAYS 


APPLICATIONS 

The  Multi-Mode  Matrix  display’s  small  size,  lightweight 
and  high  resistance  to  shock  and  vibration  make  it  suit¬ 
able  tor  many  uses  both  civil  and  military. 

•  Vertical  and  horizontal  flight  situation  •  Check  lists,  fault  indication, 

displays  for  fighter  and  transport  aircraft.  system  status  and  corrective 

action  displays. 

•  Dynamic  a i r- to-ground  tactical  displays  for 

military  aircraft.  •  Multi-purpose  displays  e.g.; 

engine  data,  fuel  status,  weapon 

•  Navigation  displays  e.g.;  INS.  VOR,  Tacan  status  and  warninq  indication, 

range  and  bearing,  way  points.  Flight  Director 

functions,  ILS  and  MLS.  •  Communication  displays. 
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HELMET-MO  INThD  DISPLAY 
DEVELOPMENT  OVERVIEW 


James  H.  Brlndle 

Arny  Night  Vision  <•  Electro-Optics  Laboratory 


INTRODUCTION  This  represents  an  overview  of  the  Amy/Navy /Air  Force 
development  of  he  1  net  -mount  ed  displays  (HMD).  Many  tines  the  he  lnet  -noiint  ed 
display  Is  conbtned  with  u  helmet -mounted  sight  (HMS)  to  forn  a  visually- 
coupled  system  (VCS).  In  this  closed-loop  Interface  between  the  operator 
and  the  avionics  or  weapon  system  Involved,  the  HMS  represents  the  control 
path  and  the  HMD  represents  the  feedback  path.  Although  ■  mv  applications 
Involve  the  use  of  both  these  systems,  and  most  helmets  des  rlbed  are 
Integrated  systems  Incorporating  both  functions,  the  prlnarv  t<  us  here  Is 
on  the  helmet-mounted  display. 

CONCEPT  DESCRIPTION  The  helmet  mounted  display  Is  a  collimated,  virtual 
image  type  display  which  Is  mounted  *o  or  bu 1 1 t  Integrally  with  the  pilot's 
flight  helmet.  An  HMD  system  conceptual  lnpl emen t a t  1  ■  n  Is  s'.  In  Fig.  1. 
The  Image  Is  generated  on  a  miniature  image  source  (miniature  .thode-iav 
tube  or  solid  state  array)  with  a  display  area  of  typically  1  In  h  diameter. 


Flgore  1  Helmet  Mounted  Display  Concept 
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The  Image  Is  relayed  from  the  miniature  Image  source,  mounted  somewhere 
on  the  helmet,  thru  an  optical  system  also  on  the  helmet  to  a  point  where 
It  is  projected  onto  a  final  beamsplitter,  or  the  visor,  and  Into  the  pilot's 
eye.  The  pilot  sees  a  virtual  Image  of  the  displayed  Information,  collimated 
at  Infinity,  superimposed  over  his  view  of  the  real  world.  Because  the  display 
system  Is  coupled  to  the  head,  the  pilot  has  the  capability  for  the  system's 
wide  f le 1 d-of-vl ew  (KOV)  for  presentation  no  matter  what  his  head  llne-of-slght 
might  be,  and  therefore  Is  not  constrained  to  a  head-down  or  boreslght  position 
to  obtain  the  required  display  Information. 

A  conceptual  schematic  such  as  Fig.  1  Is  useful  for  noting  the  areas  which 
are  key  In  the  development  of  a  system  of  this  type,  and  which  have  the 
most  Impact  on  system  performance,  applicability,  and  user  acceptance.  Certainly 
the  Image  quality  or  performance  criteria  for  both  the  miniature  Image  source 
and  the  helmet  optical  system  are  Important  In  any  system  application.  The 
f leld-of-vlew  which  the  virtual  Image  subtends  at  the  eye  Is  also  an  Important 
system  design  parameter.  The  exit  pupil,  which  Is  the  amount  of  translation 
either  vertically  or  horizontally  allowable  for  the  eye  relative  to  the  system 
on  the  helmet  while  maintaining  the  full  f leld-of-vlew.  Is  an  important  factor 
for  system  use  In  an  extrcie  buffeting  or  high  "g"  environment.  These  environ¬ 
ments,  together  with  increasing  mission  length,  place  stringent  requirements 
on  the  weight  of  the  helmet  system.  Equally  Important  Is  the  placement  of 
the  additional  components  on  the  helmet  in  a  manner  which  minimizes  a  change 
In  the  resultant  center  of  gravity  of  the  overall  helmet  system.  Minimum 
size,  as  well  as  weight.  Is  Important  to  allow  the  pilot  complete  freedom  of 
head  movement  within  the  cockpit.  The  system  trade-offs  at  the  combiner/ 
visor  In  terms  of  display  thruput  efficiency  and  visibility,  and  background 
see-through  characteristics  should  be  made  to  optlnize  the  system  for  the 
appropriate  daytime,  dusk,  or  night  mission  to  he  flown.  Because  the  user  Is 
linked  via  an  electronics  cable  from  his  he»-'et  to  an  electronics  unit  on  the 
alrcrsft,  an  appropriate  means  of  quick  dlssconnert  must  he  provided  for 
ejection  or  rapid  ground  egress. 

The  helmet-mounted  display  1r  being  used  to  present  a  variety  of  different 
tvpes  of  Information  In  response  to  the  different  mission  segment  requirements. 

A  prlnary  use  Is  the  presentation  of  high  resolution  video  Imagery  from  the 
various  forvir!  looking  Infrared  (FI.IR),  daytime,  and  low  light  level  TV  sensors 
onboard  the  aircraft.  This  type  of  Information  1r  used  for  vehicle  pilotage, 
target  acquisition,  weapon  delivery,  navigation,  and  terrain  avoidance.  The 
helmet-mounted  display  Is  also  used  for  the  presentation  of  a  variety  of 
different  types  of  symbology.  These  range  In  complexity  from  simple  gunslght 
ret  tries  and  dlsi  rete  cues,  to  flight  control  and  navigation  symbology  typical 
of  head-tip  display  presentation,  complex  space-stabl  1 1  zed  weapon  delivery  sym¬ 
bology  (utilizing  the  he  1 ne t -mount ed  sight),  and  vector  graphics.  An  example 
of  an  of f -bores  I ght  he lnet -mounted  display  Image  with  symbology  overlay  for 
a  night  mission  Is  shown  In  Fig  ?.  In  short,  the  type  of  Information  being 
presented  by  the  onboard  h<- 1 me t -mount ed  display  system  covers  the  full  gamut 
of  Information  presented  by  any  of  the  other  modes  of  cockpit  displays. 
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Figure  ?  Of  f -hot »  s  1  gilt  HMD  Image  with  Synbolug\  (iverlay 
During  Night  Mission 

ST  ATF  -OF-TH;  -ART  i>VFRVIv'.»  (.euern  1  lv  ,  helri-t  minted  dlspl  vs  can  he  grouped 
as  completely  integrated  helmet  systems  with  the  displayed  image  projected 
off  th»-  visor  and  into  the  pilot's  eye,  or  ns  separately  attachable  systems 
with  cnohinerr.  which  can  he  physically  rt  Moved  iron  the  helmet  and  stowed  in 
the  cockpit.  Fx.tnples  of  these  types  of  heltnet-r  lunted  display  svstens  along 
with  key  performance  characteristics  of  each  are  given  here  to  provide  a  state- 
of-the-art  baseline  for  these  types  of  display  systems.  The  Model  /A  parabolic 
visor  display  Is  shown  In  Fig.  1.  In  this  system  the  miniature  cathode-ray 
tube  is  mounted  on  the  rear  of  the  flight  helmet  and  t ht  image  is  relayed  over 
the  top  of  the  helmet  via  a  coherent  fiber  optics  bundle  to  the  final  collimation 
optics.  It  is  then  projected  onto  the  visor  at  a  point  tip  out  of  the  pilot's 
normal  field  of  regard,  hack  onto  a  central  mirror  which  lowers  over  t he  fore 
head  when  the  visor  is  lowered,  back  onto  the  visor  at  a  point  within  t ht  pilot  's 
forward  field  of  regard,  and  into  his  eye.  Th  i s  symmetrical  'double  bounce" 
approach  tising  part  of  a  paraboloid  of  revolution  as  the  vls>r  was  chosen  to 
ninlmire  system  degredat ions  such  as  coma  and  astigmatism.  The  Model  7A 
Is  a  20*  FOY  svstem  with  a  ID  nm  exit  pupil,  and  represents  a  total  helmet 
system  weight  of  slighrlv  over  S  Ihs.  The  Model  8  parabolic  vi sot  lielmet 
mounted  display  shown  if  Kip.  4,  also  enplovs  the  "douhli  bounce"  approach 
with  a  slightly  larger  paraboloid  of  revolution.  The  miniature  cathode-ray 
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tube  Is  Integrated  Into  t be  helmet  over  the  carcup.  An  optical  relay  system 
brings  the  image  around  where  it  then  goes  through  the  double  bounce  to  the 
eye.  The  Model  8  is  also  a  20"  KOV  system  with  a  1 ?  rm  exit  pupil  and  represents 
a  total  system  weight  of  slightly  over  4  lbs.  In  both  the  Model  7A  and  Model  8, 
as  mentioned  earlier,  the  characteristics  of  the  reflective  coatings  on  the 
visor  as  well  as  the  transmission  coefficient  of  the  visor  material  arc  tailored 
according  to  the  day/dusk/nlght  mission  to  be  flown.  These  parabolic  vl6or 
displays  represent  helmet -mounted  display  development  at  the  6.4  level.  Shown 
in  Fig.  S  is  an  example  of  a  holographic  visor  helmet-mounted  display.  The 
miniature  cathode-ray  tube  utilizes  a  phosphor  with  a  narrow  spectral  bandwidth 
output,  and  this  is  matched  by  the  spectral  response  characteristics  of  the 
diffraction  optical  clement  Integrated  into  the  visor.  The  characterlst ics  of 
this  system  are  a  10°  Ki)V,  a  1*>  nn  exit  pupil,  and  a  helmet  system  weight 
(excluding  H'!S  function)  of  slightly  ever  l.S  1  hs .  Holographic  visor  heln.-t- 


Flgure  6  Holographic  Visor  Helmet-Mounted  Display 


mounted  display  efforts  are  currently  at  the  6. 2/6.1  level  of  do. cl  praent . 

These  examples  of  visor  projected  he  1 ne t -noun t ed  displays,  including  both 
parabolic  vi s  >r  displays  and  t  tie  holographic  visor  display,  require  some  degree 
of  predistortion  of  the  image  on  the  miniature  image  source  so  that,  when  vi owed 
through  the  svsten  as  n  whole,  the  image  appears  rectilinear  to  the  pilot. 
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The  helmet-mounted  display  unit  pictured  In  Fig.  6  Is  representative  of 
the  separately  attachable  class  of  helraet-aounted  display  systems. 

This  particular  HMD  system  Is  part  of  the  Integrated  Helmet  and  Display  Sight 
System  (IHADSS)  shown  in  Fig.  7.  As  such.  It  represents  the  HMD  system 
which  Is  at  the  most  advanced  stage  In  the  development  cycle  since  the  IHADSS 
Is  entering  production  for  operational  use  on  the  Army's  Advanced  Attack 


Figure  f>  IHADSS  He  1  net -Mounted  Display  llnlt 


Helicopter  (AAH).  The  system  In  Figure  A  has  a  10®  vertical  x  40*  hori¬ 
zontal  FOV ,  a  10  m  exit  pupil,  and  represents  a  total  helmet  system  weight 
of  slightly  under  l.S  lbs.  In  this  system,  the  visor  of  the  flight  helmet 
Is  lowered  to  cover  the  final  conbiner  of  the  HMD  optical  system,  and  the 
transmission  coefficient  of  the  polycarbonate  visor  Is  selected  to  optimize 
system  use  for  a  given  day,  dusk,  or  night  mission.  No  predistortion  of 
the  Image  on  the  miniature  cathode-ray  tube  Is  required  In  the  IHADSS  HMD 
system.  A  separately  attachable  system  like  the  IHADSS  HMD,  with  a  moveable 
combiner  and  the  ability  to  rotate  around  the  axis  of  the  ninlature  CRT 
in  the  "C"  clamp  on  the  helnet,  facilitates  any  adjustment  required  to 
accommodate  pilots  with  a  w! dt  range  head  characterl st lcs  and  lnterpupilary 
distances.  Fyeglass  compatibility  Is  a  design  objective  for  systens  of  this 
type. 
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Figure  7  Integrated  Helmet  and  Display  Sight  System 
for  Amy  Advanced  Attack  Helicopter 


AL1  of  the  representative  example!  of  state-of-the  art  he  lne  t  -nmmt  ed  display 
systems  described  above  are  r annular  helmet  optical  sy 8 tens •  As  a  part 
of  various  laboratory  experimental  investigations,  1  ail.ir  and  binocular 
helaet  ■  •  •  !  Itaplay  nl  rat  '  • .  <•  been  Implemented.  Tli i  a  has  been 

accomplished,  in  some  >  uses,  simply  by  using  tn  scpar.itc  ly  attachable  HMDs, 
with  one  being  attached  •  >u  each  side  of  the  flight  helmet.  In  other  cases, 
such  as  the  system  shown  in  Fig.  ft,  a  snail  cathode-ray  tube  generates  the 
required  image  which  Is  then  relayed  around  lnsi  le  the  helmet  via  two  separate 
fiber  optics  bundles  and  thru  two  projection  lei.s  assemblies  located  near 
each  temple.  The  1  n.age  is  then  projected  onto  dist  reti  segments  or  areas 
on  the  Inside  of  the  sje  lallv  >onflgured  visor  assembly.  Both  conventional 
and  diffraction  optical  approaches  have  been  considered  for  this  aspect  of 
the  overall  helmet  optical  system.  In  addition  to  all  of  the  monocular 
helaet -noun ted  display  development  criteria,  several  factors  unique  to 
binocular  HMD  systems  should  strongly  influence  their  development  and 
application.  Minimizing  optical  sy  ten  distortion  and/or  achieving  an 
equivalent  distortion  pattern  for  the  FOV  presented  to  each  eye  is 
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Figure  S.  Experimental  Binocular  He ’ met -Mount ed  Display 


extremely  important  In  order  to  reduce  operator  fatlRue  caused  by 
trying  to  mentally  fuze  two  dlsslnllar  images.  The  weight  associated 
with  the  dual  optical  relay  and  projection  systems  should  he  minimized, 
and  this  factor  should  be  considered  In  relation  to  application  and  mission 
length.  The  ability  of  a  hinocular  he  1 met -mount ed  display  to  present 
stereoscopic  Imagery  and  symbology  Is  an  Important  factor  to  consider  In 
overall  system  conf lgvirat Ion  for  a  given  application.  Implementations 
such  as  these  currently  represent  work  at  the  6.2  level  of  development. 

Almost  all  state-of-the-art  helmet-mounted  displays  currently  utilize  a 
miniature  cathode-ray  tube  such  as  the  one  shown  In  Fig.  •),  as  the  Image 
smrce.  This  ruggedlzed,  or  productized  version  represents  the  combined 
results  of  a  long  series  of  development  efforts  to  rrduce  the  size  and 
weight  of  the  tube  as  well  as  Improve  Its  performance.  Reduced  length 
and  diameter  have  been  combined  with  improved  packaging.  The  Incorpor¬ 
ation  of  shaped  fiber  optics  faceplates  has  reduced  deflection  defocuslng 
and  resulted  In  significant  Image  quality  Improvement  by  reducing  halation 
within  the  CRT  faceplate.  In  helmet -mounted  display  systems,  the  miniature 
cathode-ray  tube,  together  with  Its  drive  electronics  unit  (PEll), 
should  be  compatible  with  current  ^2^  and  R71)  line  sensors.  Display 
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refresh  rates  are  at  1  e  a  ■■  t  30  t.  Ines  per  sor.  ami  the  accuracy  and  update 
rate  for  the  HMD  system  should  be  compatible  with  t  lie  presentation  of 
flight  control  and  weapon  delivery  information  In  several  of  Its  modes  ol 
operation.  Tbe.se  systems  arc  capable  of  displaying  In  excess  of  ten  ? 
grey  shades.  The  typical  Image  quality  for  these  tvpes  nf  systems  Is 
shown  In  Fig.  10.  This  figure  shows  general  sine  wave  response  (SWR) 
characteristics  expressed  as  actual  percent  modulation  measured  phot  one t r 1 c a  1 1 y 
at  the  output  as  a  function  of  a  sine  wave  electrical  Input  to  the 
system  expressed  In  terns  of  cycles  per  raster  width.  The  Improve¬ 
ment  on  systcn  performance  as  the  peaV  luminance  Is  reduced  from  BOO  ft.!, 
to  50  ft.l.  can  he  noted.  Although  not  shown  on  this  graph,  a  further 
Improvement  in  performance  can  he  obtained  as  the  peaV  luminance  Is  reduced 
to  the  10  ft.  L  range  characterise  Ire  of  night  operation.  Current  HMDs 
are  stngte  color  systems,  with  various  phosphors  being  utilised  depending 
on  other  systems  cons  I dera t 1 ons . 
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Figure  10  Typical  Miniature  CRT  Response  Characteristics 


As  noted  earlier,  an  operator  using  an  Integrated  helnet-nounted  sight/ 
display  incorporating  not  only  the  miniature  Image  source,  hut  also 
the  head  position  sensing  system  electronics  and  perhaps  other  specialized 
electronic  functions  Is  connected  via  an  electronics  cable  to  his  various 
subsystems  onboard  his  vehicle.  An  appropriate,  explosion-proof  means 
of  quick  disconnect  must  be  provided  to  allow  ejection  as  well  as  safe,  rapid 
ground  egress.  Such  a  helnet-nounted  electronics  quick  disconnect 
connector  is  shown  in  Fig.  11.  The  system  has  been  engineered  to  handle 


Figure  11  Helnet-Mounted  F.lectronics  Quick  Disconnect  Connector 
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the  full  nunber,  variety,  and  voltage  range  of  signals  currently  associated 
with  helnet-nounted  systens.  Tills  Includes  video  signals  and  accelerating 
voltages  for  the  tube  up  to  10KV.  The  quick  disconnect  connector  features 
a  short  pin  28  volt  Interlock  which  can  be  used  for  system  shutoff  so  that 
no  "hot"  pins  are  exposed  to  a  potentially  explosive  atmosphere  in  the 
event  of  svsten  disconnect  onboard  an  aircraft  prior  to  takeoff.  The 
quick  disconnect  system  pictured  here  will  allow  for  some  movement  of  the 
pilot  and  his  helmet  cabling  within  the  cockpit,  as  shown,  prior  to  system 
disconnect.  Although  the  operator's  helnet  cable  Is  att.n  led  to  his  harness 
assembly,  and  It  is  this  assembly  which  incurs  the  force  of  system  quick 
disconnect,  a  minimum  force  Is  required  for  cable  system  disconnect.  The 
entire  quick  disconnect  system  has  been  fabricated  using  high  Impact  plastics 
for  minimum  weight.  This  particular  quick  disconnect  syslc  is  at  the  qualifi¬ 
cation  state  of  engineering  development. 

As  helnet-nounted  display  systems  enter  operational  u  e  r  t  hi  services, 
the  ability  for  a  large  number  of  operators  to  use  a  r*  .live ' v  tiler 
nunber  of  helnet  systems  nust  he  provided.  For  the  h.  In  t  unt  1  display, 

along  with  the  helmet  mounted  sight,  this  means  the  ah  litv  t.  a  commodate 

a  large  variety  of  operators  having  different  head  sires,  fa  al  characteristics, 
interpupilary  listances,  etc.,  with  the  nunbei  of  hi 

i  t  •  •  '  •  .  :  lot  •  s  it  is  neci  ry  t  mure  i  t  evi  •  • 

eye  Is  at  the  design  eye,  or  exit  pupil  location  of  t  overall  helnet  optical 
system.  Several  techniques  have  emerged  for  succ<  sfwllv  .  1 i siting 

this  bj  •  i  f  properly  foi  r  f itt  the  helmet  ner  seembly . 

In  all  rases  a  nodular  approach  toward  configuring  the  complete  helnet  system 
has  been  taken.  In  the  asr  of  tie  IllAMSS  nodular  helmet  system  shown  in 

Fig.  12,  the  -  •  ■  pens!  subassembly  is  tit  t .  the  individual  operator 


IHADSS  Modular  Helmet 
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using  an  added  reticle  fixture  to  Insure  the  user's  eye  Is  In  proper  position 
relative  to  the  suhassenbly.  As  can  be  noted  in  the  figure,  the  web  sus¬ 
pension  subassembly  contains  several  rigid  channels  across  the  brow  and 
along  the  side  edges.  When  inserted  into  the  helmet  system  shell,  these 
insure  proper  eye  position  relative  to  the  overall  helmet  optical  system. 


The  other  principal  technique  used  for  helmet-mounted  sight  or  helmet- 
mounted  display  helmet  system  alignment  is  the  poured  foam  type  form-fit, 
or  custora-flt  liner.  The  operator's  custom  fit  helmet  liner  is  poured 
to  conform  to  the  inside  of  the  specific  helmet  shell  on  its  top  surface, 
and  to  his  head,  of  course,  on  the  inside  surface.  As  in  the  previous 
technique,  the  mold/fixture  for  accomplishing  this  contains  a  reticle  to 
Insure,  while  pouring  the  helmet  liner,  that  the  pilot's  eye  will  be  in 
the  exit  pupil  location  for  the  helmet  optical  system. 
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MAJOR  DEVKI.Ol’MEN'T  THRUSTS  Along  With  other  areas,  he  1  ne t -noun t ed  display/ 
virtual  inage  display  development  across  the  services  Is  In  the  process 
of  a  major  development  thrust  toward  a  solid  state  capability.  This  is 
conceptually  illustrated  in  Fig.  13.  In  the  case  of  the  helmet-mounted 
display  node,  or  class  of  displays,  there  Is  a  family  of  Tri- Service 


Figure  13.  HMD  In.-igp  Source  Comparison 

coordinated  ind  sponsored  development  efforts  aimed  at  achieving  this  solid 
st  at  e  HMD  ci|  ibl lity  in  the  i  at  of  f i<  lent  and  te  hnl  ally  1  i  •  . 

After  surveying  the  full  range  of  solid  state,  or  flat  panel  display 
techniques,  several  were  Identified  for  further  analysis  Into  their  ability 
to  meet  the  high  resolution,  high  performace  demands  unique  to  t he  helnet- 

f rota  Fig  14.  this  has  resulted  in  tha 
pursuit  of  the  crossed  electrode  thin  film  electroluminescent  (TFF.b) 
and  the  liquid  c ry st al- s 1 1  Icon  (l.C)  approaches.  In  otherwords,  via 
a  co  rdlnated  Tri-Service  set  of  activities,  an  intelligent  process  of 
elimination  quickly  resulted  In  the  development  efforts  focusing  on  the 
tw>  appro.ii  he-,  with  the  highest  payoff  potential  for  the  lie  1  net -mount  ed 
display.  Fach  of  these  approaches  has  Its  own  unique  advantages  for 
an  Integrate)  he  1  net -mounted  display  system  for  specific  mission 
appl  1  at  inn-.,  a;  1  its  own  set  of  development  questions  to  he  answered. 

As  a  class  of  Imaging  display  sources,  they  offer  additional  syste- 
advantages  to  be  discussed  later.  With  a  density  of  3(30  lines  per 
Inch  or  greater  having  been  demonstrated  for  both  the  TFFI.  and  LC 
approa  he-,  via  a  K'O  x  100  element  arrav,  development  efforts  have 
cor  e  (rated  on  miniature  ST5  line  TV  compatible  image  sources  in 
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Figure  1  i .  Miniature  Flat  Panel  Imaging  Display  Development  Chart 


conjunction  with  advanced  solid  state  he  1  me t -noun t ed  display  develop¬ 
ment  efforts.  Advances  In  higher  resolution  nlnlature  projection 
display  Image  sources,  advanced  optics,  and  Integrated  helmet  tech¬ 
nologies  will  he  combined  In  an  Iterative  development  process  proceed¬ 
ing  toward  an  B75  line  TV  compatible  day/nlght  solid  state  helmet- 
mounted  display  capability. 
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One  of  the  parallel  development  efforts  on  miniature,  high  resolution 
Imaging  display  sources  utilizes  the  crossed  electrode  thin  filn 
elect roluninescent  approach.  The  developnent  of  an  extremely  high 
resoliiion  TFEl.  display  source  capability  specifically  for  the 
specialized  class  of  he  1  net -mounted/ vi rt ua 1  inage  display  systems 
vill  Initially  result  in  a  525  line  TV  compatible  feasibility  model 
conceptually  shown  in  Figure  15.  The  image  ir.  generated  in  a  truely 
"flat  panel"  consisting  of  the  thin  filn  elect roluralnescent  phosphor 
sandwiched  between  orthogonal  electrodes  at  a  density  of  500  lines 
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Figure  15.  Miniature  High  Resolution  TFKI  Display  with 
Attached  Hybrid  Drive  Electronics 


per  Inch.  The  Image  format  of  this  display  Is  500  x  pi  tore 

elements.  TEtis  Imaging  suEistrate  Is  connected  with  all  of  the  hybrid 
drive  electronics  by  means  of  flexible  cabling.  The  hybrid  drive 
electronics  can  therefore  he  folded  around  behind  the  display  or 
follow  the  contour  of  the  helmet  shell.  The  other  unique  advantages 
of  this  approach  are  the  truely  flat  panel  nature  and  relatively 
simple  construction  of  the  Imaging  system.  One  major  question  area 
to  be  addressed  during  development  efforts  Is  the  successful  Inter 
ronnect  at  extremely  high  line  densities.  The  Incorporation  of 
memory  phosphor  techniques  to  raise  the  peak  luminance  capability 
of  this  display  approach  Is  also  an  area  for  Investigation.  Typical 
performance  c harac t er i s t 1 r s  to  date  for  imaging  displays  of  this 
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type  Include  «  peak  luminance  of  10-20  ft.L,  tlie  capability  for  a 
mlnlmun  of  eight  grey  shades,  and  a  broadband  orange  spectral 
output.  Incorporation  of  memory  phosphor  techniques  could  provide 
a  200-400  ft.L  luminance  capability.  Tills  approach  represents  a  very 
low  power  display  capability.  Since  this  imaging  display  source 
Is  part  of  an  overall,  virtual  Image  projection  system,  and  Is  there¬ 
fore  never  viewed  directly,  black  layer  techniques  applicable  for 
tnprovtng  display  contrast  and  vlewablllty  In  direct  sunlight  with 
moderate  display  luminance  are  not  applicable  In  this  display  node. 


Another  of  the  parallel  development  efforts  on  miniature,  high  resolution 
Imaging  display  sources  utilizes  the  liquid  crystal-silicon  approach. 

Tills  effort  will  Initially  result  In  a  *>2S  line  TV  compatible  feasi¬ 
bility  model.  The  development  of  an  extrenely  high  resolution  liquid 
c ryst al -s 1 1  Icon  display  source  capability  specifically  for  the  special¬ 
ized  class  of  helmet-mounted/vlrtual  l.iage  display  systems  will  Initially 
concentrate  on  the  high  resolution  Integrated  display  chip  shown  In 
Fig.  lb.  The  Imaging  area  of  the  silicon  chip  consists  of  an  array  of 
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Figure  lb  Miniature  High  Resolution  Liquid  Crystal-Silicon 
Display  Chip  with  Integrated  Drive  Flectronlcs 
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24  x  11’  picture  elenents,  with  a  MOS  FET  ami  capacitor  located 
at  .it  picture  element  site.  The  picture  eler  -nt  density  for  this 
die-,  l.iv  is  pet  Inch.  The  chip  includes  the  integrated  electronics 

for  driving  the  display  located  around  the  periphery  of  the  Imaging 
area  on  the  same  silicon  chip.  This  therefore  represents  a  total  of 
>ver  active  elenents  on  a  single  chip,  which  Is  at  the  leading 

«  ' In  terms  of  the  state-of-the-art  of  the  silicon  semiconductor 
l-  ‘  --try.  In  this  Initial  display,  525  line  TV  compatibility  Is 
a  '  .  .  r-  *  hv  displaying  the  second  field  on  the  sane  elenents  used 

ir>  ■  the  first  field,  while  still  maintaining  a  60  Hz  field 
r  i  ’  *• .  S :  .  t  i  r  liquid  crystal  display  Is  a  passive,  or  light 

c>  ,  i  .■  1  sp’.av  approach  using  the  dynamic  scattering  effect  In 

t  ,  ,(d  »  tv-.*  »1,  ,i  light  source  must  he  Incorporated  Into  the 

*.  .Ig  .  Fig.  W  shows  several  of  the  various  Illumination/ 

;■  ■  in. drt  i  mis lderat Ion  for  the  helmet -mounted  display. 
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Figure  17.  Miniature  Liquid  Crystal  Display  Source 
Packaging  Schemes 


One  of  the  unique  advantages  of  the  liquid  c rvs t al-s 1 1  icon  display 
approach  is  that  the  entire  displav  system,  Including  peripheral 
drive  electronics,  can  he  fabricated  using  the  sane  processes  on  th. 
sane  chip,  thus  avoiding  any  hi  h  density  Interconnect  situations. 

The  large  commercial  technical  base  and  eve r-lnr r eas 1 ng  level  of 
complexity  In  the  si  1  lion  semiconductor  Industry  certainly  benefit 
this  development.  The  Illumination  source/pro Jec t ion  scheme  Inherent 
In  this  approach  offers  high  brightness  potential.  Since  the  tllumt- 
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nation  source  Is  chosen  with  overall  systems  considerations  In  mind, 
the  spectral  output  of  the  display  (both  peak  wavelength  and  bandwidth) 
can  he  tailored  to  he  compatible  with  a  variety  of  conventional  and 
diffraction  optical  systems.  The  sire  and  optical  Interface  with  the 
resulting  display  source  "packaging"  scheme  must,  of  course,  be  considered 
In  an  overall  system  design.  One  major  question  to  be  addressed  during 
development  efforts  Is  that  of  yield  for  a  chip  of  this  complexity 
and  area.  The  response  time  associated  with  a  liquid  crystal  display 
Is,  In  part.  Inversely  proportional  to  the  thlcknesb  of  the  liquid 
crystal  layer.  A  part  of  the  development  effort  should  therefore 
be  a  sufficient  control  of  the  cell  thickness  and  uniformity  of  spacing 
over  the  display  area  to  achieve  a  response  time  which  is  commensurate 
with  video  display  rates. 

Both  of  the  solid  state  Imaging  display  source  approaches  being  pursued 
are  1 lne-at -a-t ime  addressed  displays.  The  rows  of  the  display  are 
sequentially  addressed,  nnd  the  video  information  for  an  entire  line 
Is  entered  and  displayed  at  once  via  the  columns.  Both  display  techniques 
are  relatively  low  voltage  approaches.  Typical  operating  voltages  are 
200  volt  for  the  TFEL  nnd  30  volts  for  the  LC  as  compared  to  7KV 
for  the  anode  voltage  In  miniature  cathode-ray  tubes.  Both  of  these 
approaches  represent  a  relatively  low  power  display  capability,  with 
tvplcal  display  system  power  consumption  under  2-5  watts.  Of  course 
both  type  of  Imaging  display  sources  offer  a  small  sire,  light  weight 
unit  for  svstrn  Integration.  Mockups  of  the  two  solid  state  Image  source 
approaches  are  shown  In  Fig  IB.  with  the  miniature  CRT  currently  being 
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Figure  IB  Miniature  Solid  State  Display  Mockups 
with  Current  Miniature  CRT 


355 


HMD  IV vo lopnent 


J.  H.  Brlndle 
NVfiKOI, 


used.  In  this  type  of  development  for  advanced  helmet -nounted 
displays,  it  should  be  kept  in  nlnd  that  the  snail  imaging  display 
source  must  be  capable  of  presenting  all  of  the  information  required 
in  system  use.  The  modular,  or  building  block  approach  to  achieving 
a  high  resolution  display  capability  is  not  applicable  to  this  class 
of  display  systems . 

The  overall  systen  development  of  advanced,  solid  state  helmet-mounted 
displays  is  conceptually  represent  in  Fig.  19.  Various  design  approaches 
are  currently  under  consideration,  along  with  both  conventional  and 
diffraction  optical  techniques.  Investigations  into  the  state-of-the-art 


Figure  19  Advanced  Solid  State  He  1  mo t -Mount ed  Display 


in  repeatable,  precision  replication  of  aspberic  plastic  optical  elements 
is  another  facet  of  the  overall  development  process  in  this  area.  In 
comparing  Fig.  19  to  previous  figures  showing  current  system  capabilities, 
one  of  the  driving  forces  for  the  thrust  into  solid  state  helmet -mounted 
displays  can  easily  he  seen.  In  addition  to  the  size  and  weight  savings 
for  the  imaging  display  source  alone,  the  solid  state  display  source 
provides  a  much  greater  design  flexibility  for  the  overall  helmet  system. 
Thi  "flat  panel"  nature  of  t ho  Image  generation  assembly  opens  up  new 
dislgn  options  for  locating  the  unit  in  a  more  favorable  position  for 
pro  |erttan  onto  a  conh I ne r / vi sor  and  eliminating  the  weight  and  hulk 
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associated  with  at  least  a  portion  of  the  typical  HMD  optical  relay 
system.  Significant  overall  helmet-mounted  display  system  weight  savings 
would  open  up  the  potential  for  an  operational  binocular  capability 
in  this  class  of  display  systems. 

In  addition  to  a  najor  thrust  toward  a  solid  state  capability  In  helmet- 
mounted  displays,  other  development  efforts  are  currently  ongoing  or 
In  formulation  to  provide  a  short  term  Improvement  Increment  In  system 
performance  and  Implementation,  new  system  applications,  and  provide  an 
advanced  long  tern  capability  for  multi-color  and  "smart"  HMDs  Including 
integral  processing.  Improvements  In  the  electron  gun/electron  optics 
associated  with  the  nlnlatrure  cathode-ray  tube  are  Intended  to  provide 
a  short  term  Improvement  in  performance  of  the  tube.  Application 
of  tntagllated  phosphor  techniques  In  the  fiber  optics  faceplates  of 
the  miniature  CRTs  Is  aimed  at  reducing  light  spread  throughout  the 
phosphor  layer,  and  eliminating  any  sine  wave  response  degredatlon 
due  to  this  spread.  Qualification  testing  on  the  quick  disconnect 
system  would  provide  an  Improved  aircraft  Integration  capability  for 
helmet-mounted  systems.  F.xtrenely  wide  f  1  e  1  d-o f -v lew  design  efforts 
are  aimed  at  providing  a  laboratory  based  HMD  capability  for  simulation 
and  training  where  system  bulk,  weight,  and  helmet  center  of  gravity 
effects  are  not  as  Important  design  parameters  ns  FOV.  bong  tern  develop¬ 
ment  efforts  would  provide  advanced  helmet -mounted  displays  with  a  multi¬ 
color  and  integral  processing  capability. 

DEVEt.OPMFNT  RAT10NA1.E  The  rationale  for  the  major  Trl -Service  develop¬ 
ment  thrusts  associated  with  advanced  he  1  me t -noun ted  displays  is  to 
provide  the  wide  f 1 e 1 d-of -v 1 ew  virtual  Image  display  capability  required 
by  a  wide  variety  of  systens  implementations  In  such  a  way  as  to 
not  llnit  or  severely  degrade  overall  system  performance  by  that 
display  capability.  These  trusts,  In  developing  a  low  cost,  light 
weight,  high  resolution  display  capability,  are  alned  at  the  full 
range  of  applications  for  this  node  of  display  from  vlsvial  sighting/ 
target  acquisition  to  vehicle  pilotage  to  fire  cont rol /weapon  delivery. 

Key  factors  behind  these  development  thrusts  are  highlighted  In  this 
sect  Ion. 

Wide  Fleld-of-Vlew  As  the  amount  of  information  available  from 
advance!  performance  sensors  increases,  wide  FOV  displays  are  required 
to  adequately  present  this  information  to  the  operator,  even  in  an 
optlmun  viewing  environment.  Charar t er 1 s t 1 cs  of  the  actual  operating 
environment  Including  the  typical  range  of  background  brightnesses, 
target  contrast,  eye  adaptation  levels,  target  notion  and  relative 
notion  between  the  normal  displav  and  the  operator  effect  visual 
acuity  to  drive  up  FOV  rqu 1 renen t s .  Display  usage  for  nlsslon  segments 
such  as  vehicle  pilotage,  with  requirements  for  one-to-one  magnification 
of  the  Information  presented  and  peripheral  vision  notion  cues,  puts 
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further  pressure  on  achieving  a  vide  FOV  capability.  The  visual  angular 
subtense  of  various  display  types  Is  shown  In  Fig.  20.  Developers  of 
advanced  generation  sensors  cite  the  need  for  a  17  Inch  display,  a 
tough  requirement  In  any  vehicle,  airborne  or  groundbased.  What  is 
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Figure  20  He lnet -Mount ed  Display  Visual  Angular 
Subtense  Comparison 


really  being  cited  Is  the  need  for  the  performance  of  a  17  Inch  display. 
Including  Its  angular  subtense  to  the  operator.  The  advanced  helmet- 
nounted  display  thrusts  described  earlier  are  aimed  at  providing  the 
required  display  capability. 

Out -of- 1 he-Cockpl t  Display  Capability  The  advanced  he  1  me t -noun t ed 
11  I  i.  !i  .•  Mitt  efforts  provide  a  generic  display  capability  for 
those  instances  when  the  operator  requires  a  variety  of  video  and 
symbolic  Information  while  maintaining  an  out -of-the-coc kpl t  line 
of  sight.  This  "see-through"  display  capability  maintains  the  view 
of,  and  allows  display  Interaction  with  the  outside  world.  The  off- 
boreslght  capability  Inherent  In  the  helme t -mount ed  display  allows 
the  operator  to  make  use  of  the  system's  wide  FOV  no  matter  what  hls 
1 1 ne-of-slght .  This  Is  Important  as  the  task  loading  of  the  operator 
lncre  ises  . 
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Kase  of  Vehicle  Integration  The  helmet-mounted/virtual  lnage  class 
of  displays  are  unique  in  that  they  require  little  or  no  front  panel 
space  in  the  cockpit  other  than  that  space  required  for  control  panel 
functions.  Their  display  capability  is  therefore  provided  without 
conpetlng  for  the  ever  decreasing  front  panel  space  in  advanced 
nilitary  aircraft  or  groundbased  vehicles.  This  is  particularly 
inportant  in  the  case  of  retrofitting  existing  vehicles. 

I np roved  Performance  The  thrust  toward  a  solid  state  capability  for 

advanced  helmet -mounted  displays  is,  alned  at  improving  overall  display 
performance.  The  development  of  high  resolution  displays  must,  of 
course,  keep  pace  with  increasing  sensor  performance.  The  solid  state 
HMD  display  thrust,  by  going  to  a  discreet  element  type  display,  is 
aimed  at  improving  the  dynamic  range  of  the  display  system,  especially 
at  higher  spatial  frequencies.  Display  luminance  ranges  should  he 
pursued  in  development  which  will  allow  the  improved  display  performance 
over  the  full  range  if  day/night  operating  conditions.  Overall  display 
uniformity  improvements  are  possible  by  Roing  to  a  solid  state  type 
sy s  t  em . 

1  r.ip  roved  Physical  Cha  rac  t  <•  r  1  s  t  lc  s  As  noted  earlier,  the  solid  state 

or  flat  panel  inage  source  associated  with  advanced  helnet-nounted 
displays  will  result  In  a  size  and  weight  savings  over  current  image 
sources  such  as  the  miniature  CRT.  Almost  more  Important,  however, 
is  the  increased  helmet  system  design  flexibility  which  can  result  in 
even  greater  weight  savings  and  size/center  of  gravity  improvements 
in  the  overall  helnet-nounted  display  systen.  With  increasing  mission 
length,  this  is  extremely  inportant  for  raaxtnun  user  acceptance  of 
this  class  of  display  systems. 

Ac curate /Digital  Type  Display  The  development  efforts  toward  a 
miniature  higlT  resolution  solid  state  display  will  result  in  a  matrix 
elcnent  array  type  display  with  the  capability  for  accurate  location 
within  the  f ield-of-vlew  of  the  displayed  information.  This  digital 
type  display  is  therefore  in  keeping  with  the  overall  trend  toward 
digital  fire  control  and  information  processing  systems  of  both  current 
and  future  nilitary  vehicles. 

Parallel  Input  Display  The  miniature  solid  state  display  development 
efforts  referred  to  earlier  will  result  in  a  1 1 ne-at -a-t ine  addressed 
display  systen  capability.  As  noted  in  an  earlier  section,  the  video 
information  for  an  entire  line  is  entered  into  the  display  at  once 
and  presented  to  the  operator.  If  the  sensor  collecting  information 
for  presentation  on  the  display  is  collecting  that  information  a  line 
at  a  tine,  than  a  parallel  input  display  capability  would  he  desirable. 
Information  would  not  have  to  he  serialized  to  Interface  with  a  serial 
input  type  display  Rysten  such  as  a  cathode-ray  tube.  The  CRT  would,  of 
course,  then  present  the  information  element  hy  element  in  a  seria’, 
or  scanning  nanner.  An  echelon  of  electronics  at  both  the  sensor  and 
display  end  of  the  overall  system  could  he  eliminated  and  systen 
handwl  Ith  constraints  partially  eased. 
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Tower  Reduct ion  The  development  efforts  toward  an  advanced  solid  state 
he i net -noun ted  display  will  make  a  significant  reduction  In  the  power 
requirements  for  tills  type  of  display  system.  The  power  requirements 
for  a  complete  solid  state  display  system  would  be  typically  2-5  watts, 
and  could  he  as  little  as  several  hundred  milliwatts  depending  on 
the  approach  chosen,  display  area,  and  peak  luminance  required.  This 
compares  with  system  power  requirements  on  the  order  of  50-100  watts 
for  the  miniature  CRT  and  associated  drive  electronics. 

Display  System  Cost  Reduction  One  of  the  major  driving  factors 
behind  the  development  thrusts  toward  an  advanced  solid  state  helmet- 
mounted  display  capability  Is  the  resulting  cost  reduction  for  a  system 
of  this  type.  The  Impact  of  this  would  he  to  make  HMDs  an  even 
more  cost  competitive  display  node  alternative.  Rased  on  production 
analysis  for  the  technological  approaches  being  pursued,  a  complete 
display  system  cost  of  several  thousand  dollars  Is  forecast  for 
quantities  In  the  hundreds.  This  Is  a  factor  of  four  to  ten  reduction 
over  current  miniature  CRT/drive  electronics  cost  projections  for 
similar  quantities. 

Tlie  characteristics  of  the  he lme t -noun t ed  display  system  have  varied 
ov.-r  the  years  of  Its  evolution  based  on  the  technologies  being  applied 
to  its  Implementation  and  the  various  application  requirements  for  this 
mode  of  display.  Current  HMD  systems  could  he  described  from  the  quite 
similar  requirements  for  this  type  system  posed  by  Its  application  In 
the  Army’s  Advanced  Attack  Helicopter,  Navy  VSTOI.  applications,  and 
typical  Air  Force  Single  Seat  Attack  efforts.  Future  applications 
such  as  In  an  Advanced  Scout  Helicopter  or  Marine  Helicopter  Night 
Vision  System  would  pose  similar  display  requirements.  Typical 
f 1 e ld-of-vlew  requirements  for  the  HMD  are  30  degrees  vertical  by 
40  degrees  horizontal.  The  exit  pupil  Is  usually  12-15  mm  or  greater. 
Since  these  systems  must  he  planned  for  day/nlght  mission  scenarios, 
typical  luminance  levels  of  1-10  ft  lanherts  for  night  and  200-400 
ft  lanherts  for  day  operation  are  dictated.  Capability  for  a  minimum 
of  eight  2  grey  levels  Is  required  for  these  video  displays,  with 
a  de' ire  for  10-16  level  capability.  Any  discussion  of  luminance 
and  contrast  requirements  for  the  hel ne t -mount ed  display  should  keep 
In  mind  that  the  lnage  displayed  Is  a  virtual  Image  and  this  "see- 
through"  scene  is  usually  viewed  against  a  variety  of  ambient  back¬ 
grounds.  A  typical  weight  limit  for  the  complete  helmet  system 
including  electronics  Is  3.5  pounds,  and  this  will  probably  be 
1  we rod  as  mission  length  and  aircraft  "g"  tolerance  Increase. 
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The  Trl-Servlce  development  thrusts  toward  an  advanced  helmet-mounted 
display  capability  highlighted  previously  are  aimed  at  providing 
that  capability  to  a  variety  of  airborne  (both  high  performance  and 
rotary  wing)  and  groundbased  mission  applications,  as  shown  in 
Fig.  21.  As  in  the  case  of  the  he lraet -mount ed/vi rtual  Image  node 


Flgvrt  21.  Heine'  v'  >unt ed/Vl rtual  Image  Display  Applicability 
to  Airborne  and  Groundbased  Missions 


of  displays  when  an  area  or  areas  of  commonality  In  application  and 
similarity  In  requirements  exist  across  the  services,  then  a  Trl-Servlce 
set  of  development  activities  can  be  an  extrenely  cost  effective  way 
of  meeting  the  corresponding  Army /Navy/ Ai r  Force  objectives.  Instead 
of  unrelated  efforts  with  marginal  emphasis  proceeding  In  possibly  a 
duplicative  way,  a  Joint  set  of  thrusts  can  achieve  a  critical  mass 
In  terns  of  technical  expertise  and  resources  which  can  he  focused 
on  the  leading,  highest  payoff  approaches.  Additional  benefits  can  be 
gained  when  there  Is  technology  t rans fer/spl n-of f  commonality  with  other 
display  areas.  An  example  of  this  would  be  the  utilization  of  one 
of  the  Interim,  miniature  high  resolution  solid  state  display  sources 
fron  the  HMD  activities  In  a  quad  array  for  advanced  head-up  display 
applications.  In  situations  such  as  this,  the  development  process  Is 
even  more  cost  effective  by  satisfying  an  even  larger  number  of  Army/N’avy/ 
Air  Force  display  requirements. 


SESSION  VII 


Open  Panel  Discussion 
Wayne  L.  Martin,  Moderator 

'1ARTIN:  We  have  heard  a  lot  of  excellent  presentations  about  a  wide 
variety  of  activities  across  all  three  services.  We  now  have  a  unique 
opportunity  in  this  session  to  develop  recomendations  and  make  those 
visible  at  relatively  high  levels  within  DoD.  I  think  we  all  now  appreciate 
that  the  analysis  that  must  occur  to  realistically  project  sensor,  display 
and  operator  performance  requirements  can  be  a  rather  complex  process. 
Perhaps  we  need  to  categorize  problems  as  to  whether  we  as  a  community 
can  address  them  or  whether  someone  at  some  other  level  would  be  more 
appropriate. 

In  an  attempt  to  respond  to  John  Johnson's  direction  that  the  Display 
Subpanel  identify  the  mission  requirements  that  drive  the  display  tech¬ 
nology  for  the  1985  to  1990  time  frame,  we  are  taking  the  first  step  in 
the  Air  Force  to  assure  we  understand  the  impact  of  mission  requirements 
for  representat i ve  systems  on  sensor  and  display  performance  requirements. 

(At  this  point,  Mr.  John  Simons  is  introduced  and  asked  to  present  a  brief 
ta’k  on  the  mission  requirements  identification  effort  that  he  is  doing 
for  AMRL  at  Wri ght -Patterson  AFB ,  Ohio) 

SIMONS:  We  found  that  the  way  they've  been  flying  simulated  night  is  to 
use  two  of  the  levers  and  two  different  sensors  and  do  a  lot  of  sensor 
switchinq  and  a  lot  of  sensor  tuning  in  order  to  achieve  ridge  skips 
of  a  hundred  feet  or  more.  The  imagery  is  quite  breath-taking.  We've 
been  talking  to  the  pilots  on  their  techniques.  1  think  that  it  is 


interesting  that  the  system  was  built  on  a  very  general  requirement  for 
high,  medium,  and  low  altitudes.  A  very  generalized  scenario.  But  now 
that  it's  in  their  comand  and  they've  been  told  that  we're  getting 
down  in  the  weeds  with  this  system,  they're  using  it  in  a  completely 
different  way.  They  use  the  ballpark  scenario,  of  Dr.  Frick  type,  to 
generate  the  system  and  now  that  they  have  the  system  they  are  fine  tuning 
their  tactics  within  that  system.  And  that's  the  same  thing  we'd  like 
to  do  in  this  upcoming  task.  To  pick  about  four  aircraft  and  about  five 
system  configurations  for  each;  go  back  to  the  using  command  and  find 
ut  how  they  really  plan  to  use  that  thing  and  what  we're  really  doing 
is  fine  tuning  the  scenarios.  For  example,  in  the  scenario  usage,  we 
found  that  the  pilot's  major  concern  was  "pushover."  When  have  1  cleared 
tne  ridge?  One  of  his  major  problems  is  looking  at  near  horizons  when 
there  is  u  far  horizon  in  the  f iel d-of -v 1 ew.  So  he  sits  there  and  he 
retunes  to  pop  up  at  the  near  horizon.  When  he  clears  that  near  horizon, 
then  he  wants  to  see  the  far  horizon  and  not  the  near  one.  This  is  the 
•in.:  of  tactic  tney've  developed.  While  he's  doing  this,  he's  asked  the 
WAV  on  the  IR  to  tune  the  IR  to  hot"  and  look  for  obstacles  in  clouds 
against  the  full  sky.  So,  here's  two  operators  using  two  sensors  in 
a  way  that  you'll  neve:  find  in  any  shape  or  form  in  the  original 
requirement.  It's  that  kind  of  thing  that  we'd  like  to  do  for  this  group. 

We've  picked  the  F - 1 6 .  the  A - 1 0 -  I've  just  finished  flying  the  A - 1 0 
in  ’he  sirmjlator  at  Orlando  and  there's  a  lot  of  sensor  tactics  experience 
and  interpreting  information  on  that  one  also.  It  flies  about  the  same 
airspeed  as  the  B-52,  just  a  little  lower  on  the  sensor.  I  would  like  to 


comment  on  the  basis  of  my  AC-130  experience  and  my  B - 52  experience,  on 
sensor  design.  The  Air  Force's  most  accurate  killer  and  acquirer  was 
the  AC-130,  and  the  management  and  development  of  that  system  was  some¬ 
what  like  TADS  but  a  little  more  flexible.  We  went  through  four  vehicles, 
changed  weapons,  changed  sensors  for  all  four.  And  as  that  system 
progressed  for  about  a  two-year  period,  we  never  really  fixed  design  for 
any  vehicle  nor  did  we  fix  missions.  They  were  constantly  adding  on  to 
it  and  changing,  which  means  that  I  prefer  a  general  kind  of  mission 
analysis.  A  statement  of  the  ballpark  and  then  not  get  too  specific  and 
then  come  up  with  a  system  that  is  flexible,  knowing  full  well  that  a 
system  is  never  really  used  in  the  way  it  was  oriqinally  designed.  Slant 
ranges  will  always  change  as  a  function  of  weapons  and  tactics  and 
changes  in  general  mean  you're  working  with  another  airplane.  But  you 
do  need  the  ballpark  scenario  to  scope  it.  And  the  last  point  I  would 
like  to  make  is  just  for  flexibility.  Yesterday  there  was  a  good  discussion 
on  automatic  tuning.  When  you  look  at  the  B - 52  operator  and  the  way  he 
tunes  during  a  mission  segment  in  flight,  and  they  have  already  written 
it  into  their  Ops  program,  he  retunes  for  the  type  of  terrain,  for  the 
type  of  weather,  the  sun  illumination  angle,  but  mostly  he  tunes  for  his 
strateqy.  What  portion  of  the  display  is  he  most  interested  in  at  that 
point  in  time  So  my  feeling  here  would  be  to  try  to  have  these  automated 
but  if  you  can.  have  a  manual  Insert,  because  these  systems  are  always  used 
so  differently.  I'm  sure  PAVE  TACk  would  he  flying  quite  a  bit  differently 
than  it's  intended  to  be  flown,  I  have  yet  to  see  a  system  that  didn't. 
BUPNfTTE  John,  I  think  most  of  us  are  thinking  of  some  form  of  manual 


trim  control,  once  we  know  what  we're  dealing  with  in  terms  of  making 
the  thing  most  legible.  On  a  CRT,  we  control  brightness  and  contrast 
because  those  are  two  available  control  points.  But  those  are  not 
necessarily  the  thing  that's  controlling  background  brightness  and 
emitted  luminance  and  that's  not  necessarily  the  thing  that  you'd  best 
like  to  control  in  any  given  circumstance. 

SIMONS:  One  of  the  most  dramatic  effects  in  the  AC-130  program  was 
ivving  from  point  to  area  ordnance,  where  you're  trying  to  strike  a  point 
with  point  ordnance.  This  is  a  whole  different  way  of  using  the  sensors 
to  strike  an  area  target  with  area  ordnance  or  spread  ordnance.  Usually  when 
we  ijo t  to  a  point  and  beyond,  we're  looking  for  huge  landmarks  and  then 
kind  of  bisecting  the  landmarks  into  areas  on  the  display.  But  it  was  the 
same  system.  Here  again,  flexibility  was,  1  think,  quite  germane. 

BRINDLE:  (First  part  non- transcr 1 babl e ) . . . pi  1 otage ,  target  acquisition, 
navigation,  and  1  think  the  point  you're  tryinq  to  make  is  that  a  system 
is  built  and  designed  to  do  a  specific  one  of  those,  once  it  gets  on  board 
that  aircraft,  that  pilot  will  have  to  use  it  for  many  of  the  others. 
(Non-transcribable  cotment.) 

S I HiT N S  TADS  will  be  flown  a  little  differently  and  perhaps,  used  for 
Afferent  missions,  from  what  it  was  designed. 

B!  *"E  But  see,  what  he's  really  saying  is  he  wants  to  change  the 
legibility  of  the  display  and  what  we  usually  have  control  over  is  the 
contrast  and  things  like  that.  Contrast  is  not  the  same  thing  as  legi¬ 
bility.  The  point  I'm  trying  to  make  is  that  a  guy  flying  an  airplane, 
goes  to  some  portion  of  a  roll  or  a  bank  and  a  pitch  maneuver  which  causes 


shadows  to  go  across  the  cockpit  and  all  the  rest.  I  would  like  to 
think  that  that  display  is  going  to  continue  to  look  to  him  the  same  as 
when  he  set  it.  Then,  if  he  wants  to  change  the  effective  legibility  of 
the  information  in  that  picture,  yes,  he  should  have  a  control  to  do 
that.  But,  then  again  it  should  maintain  so  until  he's  ready  for  it  to 
be  different  again.  The  point,  now  is,  the  guy  sets  the  thing  up. 

SIMONS:  (First  part  non-transcribable) . .  .FUR,  large  f  ield-of-regard, 
down  at  the  Martin-Marietta  facility  we  just  finished  twenty-six  TAC 
pilots  for  Single  Seat  Attack.  It  was  a  real  bear.  It  took  three  days 
to  really  train  these  pilots  to  use  both  these  FtIRs,  manage  the  switchology 
and  get  down  to  two  hundred  feet.  What  we  did  was  to  take  10-second 
shots  of  their  total  switchology,  flight  control  time  history. 

And  in  that  6  minutes,  they  were  in  that  dash,  in  strike,  and  in  re-attack, 
very  highly  task  loaded.  We  found  that  reducing  workload  was  a  misnomer, 
what  they  would  do  was  change  workloads.  If  you  look  at  a  10-second 
chop  of  the  total  flight  control  and  switching  history,  the  fine  tuning 
of  the  flight  control  was  prevalent.  When  the  task  is  less  loaded,  they 
changed  their  workload.  They  do  a  finer  tuning,  a  higher  rate  of  aileron 
deflection  history,  so  they  filled  up  their  10-second  gap  when  they  were 
not  switching  and  steering  sensors.  They  were  flying  at  a  higher  tune, 
so  it's  sortofa  plateau. 

OHLENBERGER:  (First  part  non-transcribable) ...  indicated  the  close  coordi¬ 
nation,  if  you  will,  with  the  using  command,  the  design  guy  and  the 
using  comnand.  Now.  I've  said  for  an  awful  long  time  that  you  could  have 
the  best  designed  piece  of  equipment  in  the  world,  best  engineered  piece 
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of  equipment  in  the  world,  but  it  can  easily  get  to  the  field  and  be 
worthless.  And  the  idea  of  the  guy  that's  actually  doing  the  design  work, 
tne  guy  that's  doing  the  engineering  Is  really,  he  should  get  out  there  with 
the  user  quy.  Army  aviation  as  an  example.  He  ought  to  be  out  there 
flying  nap-of-the-earth  so  he  knows  what  it's  like,  what  kind  of  environment 
that  guy  is  working  in.  (Non-transcribable  discussion.)  to  get  the  root 
of  the  problem,  most  of  the  time  we  end  up  with  the  greatest  engineered 
i iei*>  of  equipment  in  the  operational  environment  and  it  doesn't  work, 
and  doesn't  give  the  user,  the  guy  that's  got  to  absolutely  use  it 
out  there  on  a  daily  basis,  doesn't  give  him  what  he  needs.  And  it's 
amazing,  1  can  come  in  here  and  talk  about  NOE,  our  sister  services  can 
talk  all  day  lonq  about  the  individual  mission's  aircraft,  but  if  a  guy 
is  not  there,  he  hasn't  seen  it.  he’s  not  there  in  the  environment,  doesn't 
have  the  appreciation  on  the  ground  and  in  the  air,  you  know,  It's  the  old 
thinq  like  we  were  talkinq  about  yesterday.  Put  yourself  in  that  tank 
seat  and  think  about  what's  cominq  at  you.  Okay.  You  want  to  be  sure 
•hat  what's  coming  at  you  is  not  friendly,  a  friendly  weapon  will  kill 
you  just  as  well  as  an  enemy  weapon  if  directed  from  the  wrong  place. 
i’VORAK:  I've  got  a  consent.  I  just  can't  let  this  go  by.  I'd  like  to 
.peak  firsthand  about  your  corment  about  the  engineers  ought  to  qet  out 
•here  and  see  firsthand  what's  happening.  This  was  my  philosophy  all 
■long  1  was  a  project  enqineer  working  in  major  avionic  development 
sisters  and  I  thought  that  the  engineers  ought  to  be  out  there  to  see 
«nat's  happening.  I  requested  permission  to  fly  on  the  aircraft.  I  had 
s  much  resistance  from  the  "green  suiters"  that  it  was  almost  impossible 


370 


to  get  in  the  cockpit. 

OHIENBERGER:  When  was  that: 

DVORAK:  This  was  starting  back  in  1965. 

OHIENBERGER:  That's  old,  that's  history. 

DVORAK:  1  finally  got  authorization  to  fly  and  I  did  fly.  I  got 

authorization  to  fly  as  a  pilot  in  Vietnam  but  there  was  so  much  opposition 
that  it  just  was  a  struggel  trying  to  get  in  the  cockpit. 

OHIENBERGER:  But  the  thing  is,  those  are  the  struggles  we've  got  to 
overcome.  You  know  (rest  non-transcri babl e . ) 

DVORAK:  I'm  the  only  engineer  at  Ft.  Monmouth  that  was  ever  authorized 

to  fly  on  the  aircraft  and  I'll  guarantee  you  today  that  if  1  tried  to 
do  it  over  again,  it  would  be  the  same  story. 

OHIENBERGER:  But  are  you  talking  about  flying,  you  mean  being  checked 
out  and  to  go  out  and  fly?  Is  that  what  you're  talking  about? 

GURMAN:  He  did  the  whole  thinq. 

HIENBERGER:  I'm  talking  about  getting  out  there  with  a  qualified  pilot 

in  the  cockpit,  taking  the  quy  through  the  procedures,  that's  easily  done. 
You  don't  have  to,  if  you  will,  go  through  the  pilot  qualification  for  the 
Army,  the  Air  Force  or  the  Navy  as  an  engineer  to  get  the  appreciation 
for  what  needs  to  be  done,  that's  not  necessary.  But  the  fact  is,  of 
bemq  out  there  in  the  environment,  whether  you're  working  on  an  aviation 
system  or  a  ground  system,  being  out  there.  If  it's  a  tank  system,  get 
out  there  and  play  around  with  the  tank. 

ANONYMOUS:  I  think  that  just  a  demonstration  flight  is  not  enough,  you've 
got  to  get  out  there. 
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BURNETTE:  You  Nave  to  perform  a  task  yourself,  that's  It. 
(Non-transcribable  interchange.) 

GURMAN:  1  was  involved  with  some  studies.  I  was  designing  equipment 
and  I  made  some  of  the  approaches,  because  I  had  faith  in  wnat  I  thought 
I  was  designing.  Now  that  1  know  better,  1  wouldn't  do  it.  I  think 
that's  really  the  case.  I  think  design  engineers  are  reluctant  to  go 
flying  because  they  know  what  the  probabi 1 i ties  of  the  equipment  working 
are.  They  don't  have  confidence  in  the  pilot,  they  don't  have  confidence 
in  their  own  scores. 

OHLENBERGER:  You  see,  that  goes  back  to  the  old  business  of  having  your 
crew  chief  fly  on  your  own  aircraft.  From  the  time  I  walk  out  to  the 
aircraft,  if  the  crew  chief  won't  fly  it,  I'm  not  going  to  fly  it  either. 
If  the  engineer  gives  me  a  piece  of  equipment  that  he's  not  confident 
in,  then  I  don't  want  it  in  my  aircraft. 

SCHL A,u :  (First  part  non-transcribable)  I  guess  you  get  the  same  thing, 
but  rather  than  going  into  a  national  aircraft  that  maybe  doesn't  have 
the  flexibility  to  take  the  engineering  changes,  we've  been  talking  about 
test  vehicles.  And  I  think  perhaps,  this  is  a  good,  at  least  to  me, 
approach  to  get  more  test  vehicles  that  are  versatile  enough. 

BRINDLE  That's  right.  There's  more  engineering  devices  in  6.3  level 
than  can  be  tested  out.  You  know,  maybe  we  don't  have  all  the  answers 
pegged  down  pat. 

GERMAN:  I  think  that  the  rule  that  the  engineers  fly  their  own  equipment 

is  not  a  bad  idea. 

SCHLA’i;  I  think  perhaps,  even,  that  ground  simulation  tables  might  be 


better. 
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OHLINBERGER:  You  can  do  a  lot  with  simulators  because  we're  getting  some 
real  good  simulators.  We  can  get  a  real  feel  for  that,  and  that's  probably 
the  first  step.  But  then  it's  the  time  when  you're  working  with  such  things 
as  night  vision  equipment  that  you  can't  get  the  full  feel  of  what’s  going  on 
in  the  problem  unless  your  butt's  strapped  down  in  the  aircraft  seat. 

(END  OF  TAPE) 

(After  a  delay)...  exploratory  development,  advanced  development  areas, 
by  which,  as  you  go  down  through  the  development  slices,  you  come  up 
with  an  aviation  system  that  is  being  designed,  given  say  the  AAH  as  an 
example,  that  PM  does  not  have  the  proper  "shopping  list"  of  equipment 
available  for  him  to  stick  in  that  airplane  because  that  work  initially 
hasn't  been  done  or  hasn't  been  progressively  going  down  the  road  of 
development  because  we've  had  a  lack  of  the  guys  in  the  munitions  area 
developing  concept'.  Not  today’s  concepts,  but  concepts  for  ‘86,  ’90, 

'95  time  frames  that  drive  the  development  efforts  that  gets  the  money  to 
do  those  things  with,  justify  to  Congress  and  all  that,  because  the  prof 
heads  nave  had  their  heads  stuck  in  the  sand.  We've  been  training,  but 
we  haven't  been  developing  worth  a  darn.  Not  that  there  hasn't  been  a  lot 
of  good  work  going  on,  but  I'm  saying,  you  can't  say  now  1  want  an  aircraft 
that's  going  to  meet  an  IOC  of  ‘82  and  start  trying  to  accelerate  and  put 
equipment  in  it  that  is  not  going  to  be  ready  before  '82.  But  in  order 
for  him  to  do  his  job.  he  needs  some  added  capabilities  that  haven't  been 
defined  far  enough  ahead. 

FRICK:  You  know,  I  don't  see  any  difference  in  the  way  you're  seeing 
display  technology  and  any  other  technology.  You  know  there's  always  a 


problem  with  looking  at  things  in  a  systems  context.  The  mission  area 
analysis  is.  at  least  for  the  Air  Force,  being  done  by  both  the  using  command 
and  Air  Force  Systems  Command.  Furthermore,  in  the  Air  Force  a  year  ago 
we  started  what  is  called  the  Avionics  Planning  Conference.  I  know  the 
display  people  representat i ves  on  that,  we  have  two  of  them.  Bob 
nilgendorf  is  the  first  and  the  second  is  Jim  Feliccia  from  the  Flight 

ynarics  Lab.  So  1  think  a  lot  of  this  is  being  done.  On  the  one  hand 
I  think  we  either  have  a  systems  approach  and  maybe  on  the  other  hand 
«»■  should  not  have  too  much  of  a  systems  approach  so  as  not  to  stifle  the 
innovative  process.  You  know  electronic  warfare  had  a  big  problem  for 
-any  years,  and  1  guess  they  still  do.  There's  such  a  myriad  of  ECM 
programs  and  not  any  kino  of  master  plan,  so  ASD  is  now  coming  up  with 
an  EW  master  plan. 

F'.JLT  *i  (First  part  non-transcribable) .  .  .you  the  user,  the  systems  people, 
all  the  technologists  are  here  for  the  first  tine.  By  the  note  taking, 
the  question  asking,  I  didn't  know  this,  I  didn't  know  that,  the  various 
syeiific  cements.  you've  accomplished  a  great  deal.  You've  come  across 
a  lot  of  problems  which  you  haven't  been  able  to  solve  right  now.  so  what 
you  put  toqether  is  a  living  document. 

BRINCllE:  So  what  you're  saying  is.  what  we  need  to  do  from  the  trans¬ 
cription  of  what's  taken  place  in  these  kinds  of  discussions  is  to  highlight 
some  if  those  problem  areas  along  with  some  recommendations  for  their 

solution. 

hlE'iBERGEP  And  out  of  tbit,  and  I  beleive  that  I  have  been  provided  with 
s  mr  of  this  stuff,  there  are  certain  areas  in  the  technology,  or  certain 
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things  you  guys  see  that  need  to  be  done.  And  I'm  talking  about  looking 
at  sonething  that  can  be  productive.  I  need  to  know,  if  you  will,  what 
some  of  these  areas  are  so  that  1  can  begin  to  prod  the  things  like  the 
STOG  and  ask  for  some  capabilities.  You  guys  can  tell  me  that  you  see 
gaps  in  the  technology,  things  that  are  not  being  done  in  industry  that 
are  going  to  have  to  be  done  for  the  peculiar  missions  that  we  have  and 
the  goal  of  them.  I  need  to  know  about  some  of  these  because  then  I 
can,  from  the  Army's  standpoint,  begin  to  prod  and  try  to  get  some  of 
these  areas  emphasized.  I  can  talk  to  people  as  long  as  I'm  in  that  office 
and  that's  fine.  But  I've  got  to  get  it  in  some  kind  of  document  because 
when  I  leave  or  go  to  something  else  or  retire  or  whatever,  it's  got  to 
be  written  down  somewhere  or  that  thing  dies. 

GURMAN  Okay,  I'm  going  to  take  you  up  on  that.  But  I'm  going  to  go 
even  further  than  that.  I’m  going  to  help  you,  offer  to  help  you,  to  help 
write  the  rest  of  the  requi renents . 

OHLENBERGER-  The  only  thing  is,  I  don't  want  you  to  write  me  a  draft 
requirements  document. 

GURMAN:  I'm  not  going  to  write  you  a  draft  requirements  document.  I'm 
going  to  try  to  sell  it  to  you. 

OHLENBERGER:  That's  what  happens.  That’s  what  happens  too  often.  The 
first  time  I  see  a  draft  requirements  document  from  a  material  developer 
and.  I'll,  everything  turns  red  around  me  and  my  first  tendency  is  to 
toss  it.  I  need  to  know  where  you  guys  are  seeing  the  gaps,  because 
we've  been  remiss  on  your  side  of  the  house.  I  can't  do  everybody's  job. 

I  can't  for  example,  do  all  the  concepts  work.  I've  been  doing  a  lot  of 
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it,  but  1  can't  do  all  that  and  keep  up  with  what's  going  on  in  the  system, 
writing  requirements  documents  and  then  keep  up  with  the  Product 
Improvement  Programs;  it's  just  physically  impossible.  But  I  can  get  some 
of  these  things  into  certain  kinds  of  requirements  documents. 

BURNETTE:  Cliff,  quick  question.  1  may  be  a  little  confused  about  this. 
Please  straighten  me  out.  Isn't  your  shop  primarily  to  develop  requirements? 
OHIENBERGER:  My  shop  builds  the  requirements  documents  but  that's  based 
on  what  another  part  of  the  shop  does.  And  I'm  talking  about  the  concepts 
and  doctrine  boys  and  the  threat  shop.  As  they  see  changes  in  threats, 
they  supposedly  project  out  to  the  1990's,  and  they  build  concepts.  I 
take  these  concepts  and  develop  the  requirements  document, 
f Non-transcribable  segment.) 

OHLENBERGER  We're  talking  about  a  display  workshop  and  all  I've  heard 
about  is  one  facet  of  displays.  There  are  a  lot  of  other  things  that  have 
to  be  done  to  free  the  pilots  in  the  cockpit  and  so  far  we’ve  talked 
about  only  one  real  part  of  it.  I  mentioned  getting  rid  of  a  lot  of 
instruments  in  the  cockpit  that  the  guy  doesn’t  need  to  look  at 
continuously.  Every  day  systems  are  all  go  99.9  percent  of  the  time. 

B  )°NETTE  The  MENS  of  the  Air  Force  are.  in  the  new  aircraft,  putting 
in  message  devices,  static  displays,  whatever  you  call  the".,  and  Incorporate 
all  that  data,  prioritize  (rest  non-transcribable) . 

TASK:  The  limitations  of  this  meeting  is  supposed  to  be  primarily  for 
imaging  dipslays.  That  is  the  limitation  of  our  Charter,  I'm  afraid. 

MARTIN:  Imaging  displays  for  airborne  applications  ( non-transcr i babl e 
segment).  You've  heard  a  lot  about  the  interaction,  and  the  lack  thereof. 
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between  the  operational  community  and  the  engineering  design  community. 
You've  heard  from  John  Simons  regarding  an  alternate  approach  to  the 
problem  that  has  been  taken  by  the  Air  Force  to  assure  that  we  have  the 
tactics  worked  in  there,  and  that  you  can  cover  the  two. 

SCHLAM:  Wayne,  I  think  what  we  uncovered  in  the  last  three  days  isn't 
indigenous  to  the  Army,  Navy  or  Air  Force  and  I  think  that  we  should 
write  a  story  that  is  service  Independent. 

MARTIN:  The  problem  is,  we're  doing  that  yes,  in  terms  of  defining  problems 
that  we  in  the  display  conmunity  can  address. 

SCHLAM:  You  can  write  recommendations  that  are  service  independent. 

MARTIN-  That's  correct,  but  that's  a  different  activity  than  what  I  had 

in  mind. 

GURMAN:  You  see  if  we're  talking  about  display  technology  advancement, 
that  technology  advancement  really  isn't  tri-service.  If  we  look  at  it 
from  only  the  Army's  point  of  view  we  might  say  this  is  what  we  see  as 
best  for  us  but  doesn't  necessarily  have  applications  in  the  other 
services.  Just  as  when  the  Air  Force  is  developing  something,  they're 
goinq  to  develop  something,  we're  qoinq  to  look  back  and  see  what  is 
feasible  from  here.  The  helmet  device,  for  example,  is  being  funded  by 
three  services,  obviously  not  a  sinqle  service  point  of  view. 

MARTIN:  But  my  point  is  that  in  predicting  the  factors,  "Can  we  predict 
the  weapon  systems  In  which  the  helmet  mounted  displays  may  be  used  to 
render  them  more  or  less  suitable  in  terms  of  satisfying  mission 
requirements  for  the  Army  vs  the  Air  Force?"  That's  all  I'm  saying  and 
that's  why  you  have  to  consider  the  weapon  system  involved,  the  tactics. 
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the  theatre  of  operation,  the  whole  nine  yards.  And  that's  why  the  plan  for 
the  services  as  to  how  we  get  from  here  to  there  in  terms  of  defining  what 
Our  system  requirements  are  will  probably  be  different  though  they'll 

have  some  comonal  ity. 

GURMAN:  I'm  sorry  I  don't  see  it  that  way.  From  my  years  of  system's 
experience,  it  tells  me  that  despite  the  ways  that  you  can  differentiate 
between  several  Air  Force  requirements,  and  several  Navy  requirements,  and 
several  Army  requirements,  they're  not  that  greatly  different.  When 
it  comes  down  to  the  materials  that  you  are  going  to  use  in  your  system, 
they're  not  much  different.  We've  found  in  the  display  area  already, 
that  whether  we  call  it  the  Air  Force's  development,  the  Army's  development, 
or  the  Navy's  development,  we're  going  to  the  same  place. 

"ART  IN:  But  why  then  don't  we  see  your  HMDs  being  applied  in  the  Air 
Force  to  the  extent  they  are  in  the  Navy. 
iRMAN:  1  don't  think  that's  the  point. 

1  mLAM  Let's  write  down  what  we’ve  learned  during  the  past  three  days 
an  I  see  what  it  looks  like.  I  don't  think  we  can  do  anything  more. 

BR1NDLE:  I  think  Elliott  is  right.  1  think  as  a  minimum  we  need  to  come 
out  of  the  transcription  of  all  this  with  some  problem  areas... 

'tARTIN:  Absolutely. 

BRINDLE:  ...that  we  see,  that  we  in  the  display  community  see,  to  send  to 
somebody.  Who  that  somebody  is.  I'm  not  sure. 

F’lLTON :  Wayne,  If  0DDR&E  were  to  ask  you  What  are  the  display  problem 
areas,  how  you  plan  to  address  them,  etc.?"  would  you  be  able  to  answer 
them  based  on  what  has  transpired  here? 


MARTIN:  No. 


REDFOPD:  Well  your  first  answer  to  0DDR&E  is  going  to  be  no.  The  next 
thing  is  you're  going  to  say  is  why.  And  then  perhaps  make  some 
recommendations  about  how  we  can  get  this  together  and  then  continue. 
MARTIN:  But  you  see  that  sort  of  recommendation  across  the  services  Is 
what  I'd  like  to  see  in  the  individual  plans  from  the  individual  services. 
MYSING:  And  then  do  you  intend  to  meld  these  together?  Now  you're  going 
to  then  now  identify  the  commonality  and  bring  it  together? 

MARTIN:  Right,  absolutely. 

VERONA:  Let's  point  out  the  commonalities. 

MYSING:  I  think  he's  saying  that  if  he  saw  the  individual  plans,  then  you 
can  identify  the  conmonalities. 

(Non-transcribable  discussion.) 

VERONA:  What  about  the  four  tasks  we  had  up  there  yesterday  -  pilotage, 
navigation,  target  acquisition  and  weapon  delivery. 

GURMAN:  Do  you  have  a  single  plan  within  the  Air  Force? 

(Non-transcribable  segment.) 

BURNETTE:  Well  wait  a  minute,  you  know,  let's  not  use  technology  in  this 
thing  and  try  to  waq  the  dog. 

GURMAN:  We're  trying  to  avoid  that,  that's  the  exact  point.  That's  what 
I'm  saying,  that's  the  point. 

BURNETTE:  All  we  can  do  is  write  down  what  we've  learned. 

GUR'iAN  All  right,  we've  identified  the  fact  that  displays  do  not  right 
now  satisfy  the  MENS  and  that  work  has  to  be  done  and  some  of  the  reasons 
why  they  have  to  be  done. 

(Non-transcribable  segment.) 

3  79 


n 


( [Y .  Schlam  goes  to  blackboard  and  writes  down  recommendations.) 
List  of  recommendations : 


System  display  development  efforts  should  be  evolutionary  In  nature, 
an  iterative  process,  with  options  for  technology  insertion. 

2.  There  is  insufficient  user/devel oper/des 1 gner  interaction. 

3.  There  is  a  gap  between  display  technology  base  (6.2)  and  system 
development  (6.4),  which  must  be  filled  by  6.3A  work. 

4.  We  don't  understand  the  man-machine  Interface  sufficiently  well  to 
properly  spec  display  needs  ( e  .  g .,  resol ut  ion  ,  size,  interaction,  cuing, 

tuning) . 

5.  There  is  a  lack  of  concepts  for  future  systems  based  on  anticipated 
military  needs  to  drive  the  technology  base. 

6  There  is  a  need  for  real  world"  analysis,  study,  and  flight  test 
imulation  of  system/device  cn«f igurations  based  on  user  needs. 

7.  There  is  a  void  in  the  application  of  state-of-the-art  technology  to 
systems  development  because  of  the  lack  of  6.?A  funding. 

We  don  t  use  (or  have  not  developed)  systems  Integration  concepts/ 
tools  well  enough  to  properly  trade-off  between  subsystem  capabilities. 

9  There  is  insufficient  attention  spent  on  displays  except  when  they 

appear  not  to  do  their  Job. 

The  display  requirements  necessary  to  perform  specific  tasks  (e.g  , 
navi.atlon,  pilotaqe,  target  a  quisition,  weapon  delivrry)  have  not  been 
uffi  lently  defined,  and  *hat  definition  is  not  a  simple  process  (see  *6). 

11  It  i'  apparent  *iat  display  technology  and  display  systems  development 
across  the  servces  is  being  pursued  in  a  non-dupl icatl ve  way,  and  that  in 
fa  t  there  are  voids  where  added  emphasis  is  required. 

1 .  Conmon  and  valid  measures  of  operator  workload  with  regard  to  displays 
and  other  aircraft  subsystems  are  needed. 

’1.  We  need  standardized  display/sensor  measurement  techniques. 


